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The  Fargo-Moorhead  Urban  Study  vas  sponsored  by  Che  St.  Paul  District,  Corps 
of  Engineers,  as  a  cooperative  effort  of  local,  State,  and  Federal  agencies. 
The  results  of  this  study  are  contained  within  the  following  documents: 

o  Summary  Report 

o  Background  Information  Appendix 
o  Hater  Supply  Appendix  (3  Volumes) 
o  Hater  Conservation  Appendix 
o  Energy  Conservation  Appendix 
o  Flood  Control  Appendix 

o  Fargo-Moorhead  Hater  Resource  Data  Management  System  Appendix  (3 
Volumes) 

The  Summary  Report  contains  a  brief,  non-technical  overview  of  the  results  of 
the  overall  study.  Only  readers  desiring  additional  detailed  information 
should  review  the  appropriate  technical  appendixes. 
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Figure  1  -  Fargo-Moorhead  Study  Area 


SUMMARY 


The  objective  o£  this  study  was  to  develop  water  demand  projections  for  the 
Fargo-Moorhead  area  for  the  planning  period  of  1980-2030.  Projected  water  demands 
will  be  compared  with  flows  of  selected  st’idy  area  rivers  to  determine  whether 
surface  water  supplies  can  meet  future  demands. 

Information  on  water  supply  sources,  wastewater  systems,  and  past  and  present 
water  withdrawals  and  discharges  was  obtained  from  State  agencies,  representatives 
of  communities,  and  major  water  users  in  the  study  area.  Projected  water  demands 
and  return  flows  for  municipal,  self-served  industrial,  irrigation,  and  livestock 
water  uses  in  the  area  were  developed  on  the  basis  of  withdrawal  and  discharge 
records,  population  projections,  and  other  pertinent  information. 

Water  demand  projections  through  2030  were  also  developed  in  1976-77  for  the 
Grand  Forks-East  Grand  Forks  Urban  Study’s  water  supply  investigation.  The 
previous  and. present  demand  projections  are  in  general  agreement  with  the  exception 
of  a  significant  decline  in  the  projected  2030  Fargo  municipal  demand.  The  decline 
is  attributed  mostly  to  the  difference  in  Fargo  population  projections. 
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STUDY  OBJECTIVES 


The  St.  Paul  District#  U.S.  Army  Corps  of  Engineers,  is  undertaking  a 
three-phased  water  resource  study  for  the  Fargo-Moorhead  area  in  Minnesota  and 
North  Dakota  (figure  1).  The  objective  of  Phase  1  is  to  determine  whether  surface 
waters  in  the  area  can  meet  the  area's  demands  and,  if  not,  the  amount  of  demand 
reduction  or  additional  supply  required.  More  specifically,  selected  study  area 
rivers  —  the  Red  River  of  the  North,  Sheyenne  River,  Maple  River,  Buffalo  River, 
and  South  Branch  Buffalo  River  --  will  be  examined  to  determine  if  flows  will  meet 
projected  water  demands  during  a  severe  drought  in  the  1980-2030  planning  period. 

Phase  2  involves  the  evaluation  of  alternative  water  sources  and  water  treatment 
and  distribution  systems.  Water  conservation  and  draught  contingency  measures  will 
be  examined  in  Phase  3. 

The  first  part  of  Phase  1  involves  identifying  present  (1980)  and  projecting 
future  water  demands  for  the  particular  years  of  interest  —  2030,  2000,  and  1990. 

During  the  second  part  of  Phase  1,  the  study  area  rivers'  water  supply  capabilities 
will  be  compared  to  the  projected  demands  to  determine  if  (or  possibly  when)  the 
demand  exceeds  surface  water  supply.  Water  demand  projections  for  these  years  were 
developed  in  1976-77  as  part  of  the  Grand  Forks-East  Grand  Forks  Urban  Water 
Resources  Study.  However,  the  Fargo-Moorhead  projections  previously  compiled  are 
not  directly  suitable  for  use  in  this  study  because  some  of  the  smaller  communities 
in  the  area  were  disregarded  and  others  were  represented  by  cumulative  demands. 
Furthermore,  possible  changes  in  residential,  commercial,  industrial,  and  irrigation 
water  uses  or  the  development  of  new  trends  since  the  197§-77  compilation  warrant  a 
reassessment  of  the  projections. 

The  objective  of  this  report  is  to  present  the  water  demands  developed  for  the 

i 

Fargo-Moorhead  area  for  the  1980-2030  period,  reflecting  the  current  growth  pattern  < 

and  potential  of  area  communities. 
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PROCEDURES 


INFORMATION  ACQUISITION 

A  survey  of  water  use  in  the  study  area  constituted  the  first  step  of  the 
investigation.  Water  withdrawal  and  discharge  permit  information  was  obtained  from 
the  North  Dakota  State  Water  Commission  and  Department  of  Health  and  the  Minnesota 
Department  of  Natural  Resources  and  Pollution  Control  Agency.  Information  on  water 
supply  sources,  wastewater  systems,  and  water  withdrawals  and  discharges  was 
obtained  from  representatives  of  communities  and  other  major  water  users 
(predominantly  industries).  Available  information  varied  from  complete  monthly 
withdrawal  and  discharge  records  for  1969-1981  (e.g.,  Fargo  and  Moorhead  municipal 
systems)  to  general  descriptions  of  water  supply  and  wastewater  systems.  General 

md 

information  on  water  supply  and  wastewater  systems  for  communities  is  summarized  in 
table  1. 

The  St.  Paul  District,  Corps  of  Engineers,  provided  pertinent  publications 
(Minnesota  Department  of  Health,  1981;  Souris-Red-Rainy  River  Basins  Commission, 

1972;  U.S.  Army  Corps  of  Engineers,  February  1981;  and  U.S.  Army  Corps  of  •  V 

Engineers,  July  1981)  and  the  backup  data  for  the  demand  projections  developed  in 
1976-77  for  the  Grand  Forks-East  Grand  Forks  Urban  Study.  Population  projections  for 
the  study  area  communities  through  the  year  2030  were  obtained  from  the  Corps  of 
Engineers  and  the  Fargo-Moorhead  Metropolitan  Council  of  Governments. 

GENERAL  METHODS  AND  ASSUMPTIONS 

Because  of  the  variety  of  water  uses,  water  supply  and  wastewater  systems,  and 
types  of  available  information  in  the  study  area,  assumptions  and  professional  ~ 

judgments  were  necessary  in  the  development  of  water  demand  and  return  flow  V. 

>«i"% 

projections.  The  jeneral  assumptions  and  methods  used  to  determine  projected 

V\ 

demands  and  return  flows  are  discussed  in  this  section.  More  specific  information  a^[ 

and  assumptions  pertaining  to  the  projections  for  individual  water  users  is 
provided  in  Appendix  I. 
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(1)OWJA  denotes  Cass  Rural  Witer  Users  Association 


II  in  West  Fargo  aquifer.  Treatment  plant  discharging  to  Sheyenne  River  o 

holding  pond  vtfiich  discharges  to  Sheyenne  River 


denotes  Cass  Rural  Water  Users  Association 


i 

Municipalities 

Projected  municipal  water  demands  were  based  on  population  projections 
provided  by  the  Corps  of  Engineers  and  the  Fargo-Moorhead  Metropolitan  Council  of 
Governments  (table  2).  Minor  modifications  were  made  where  community 
representatives  provided  different  1980  figures  reflecting  the  populations  served 
by  the  water  supply  systems.  In  these  cases,  populations  were  projected  to 
increase  by  the  same  percentage  each  decade  as  anticipated  in  the  original 
projections. 

Municipal  withdrawal  records  generally  indicate  an  increase  in  per  capita 
water  use  over  the  past  decade.  However,  improving  water  conservation  methods  and 
more  efficient  water  use  may  offset  this  trend.  Per  capita  water  use  was  greatest 
during  1980,  possibly  resulting  from  abnormally  low  precipitation.  Available 
records  show  per  capita  water  use  declined  from  1980  to  1981;  however,  future  per 
capita  use  was  assumed  to  not  change  significantly  from  the  1980  values.  This 
assumption  effectively  blends  an  increase  in  future  per  capita  use  (as  compared  to 
average  recent  use)  and  effects  of  future  conservation  efforts.  (The  single 
exception  to  this  approach  was  Riverside,  North  Dakota,  which  is  predominantly 
zoned  industrial  and  for  which  a  10-percent  increase  in  per  capita  use  per  decade 
was  assumed.) 

Projected  annual  demands  for  each  community  are  thus  the  product  of  projected 
population  and  present  (1980)  per  capita  use.  This  method  does  not  distinguish 
between  residential  and  commercial  or  industrial  use  of  municipal  water.  Rather, 
this  approach  assumes  that  commercial  and  industrial  growth  and  water  use  are 
closely  related  to  population  growth  and  present  per  capita  water  use.  This 
approach  was  also  used  to  determine  the  municipal  demand  projections  for  the  Grand 
Forks-East  Grand  Forks  Urban  Study's  water  supply  investigation. 
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TABLE  2 


Population  Projections  Used  in  Water  Demand  Projections 
for  Fargo-Moorhead  Area  Communities  * 1  ) 


Year 


Community 

1980 

1990 

2000 

2010 

2020 

2030 

North  Dakota 

Argus ville 

147 

147 

147 

147 

147 

147 

Briar wood 

57 

80 

80 

80 

80 

80 

Fargo 

61 ,281 

66,700 

71,388 

81 ,000 

90,500 

99,500 

Frontier 

152 

163 

174 

185 

196 

207 

Harwood ( 2 1 

540 

590 

677 

767 

855 

944 

Horace 

497 

556 

601 

740 

900 

1 ,000 

Maple ton 

307 

327 

350 

450 

600 

700 

North  River 

65 

85 

1 10 

145 

190 

250 

Prairie  Rose*2) 

76 

91 

106 

1  36 

182 

228 

Reile's  Acres 

191 

191 

191 

191 

191 

191 

Riverside 

465 

600 

600 

600 

600 

600 

West  Fargo 

10,080 

13,000 

15,500 

17,800 

20,200 

23,500 

Minnesota 

Dilworth*3) 

2,578 

2,863 

3,180 

3,533 

3,924 

4,358 

Glyndon 

882 

982 

1,007 

1,032 

1,058 

1 ,084 

Kragnes 

30 

30 

30 

30 

30 

30 

Moorhead  * 3  * 

29,925 

33,000 

38,000 

41,000 

43,000 

45,000 

Rustad 

44 

45 

46 

47 

48 

50 

Sabin*2) 

630 

807 

949 

1,092 

1,234 

1,376 

( 1 )  Population  figures  provided  by  Corps  of  Engineers  unless  otherwise  noted 

(2) Corps  of  Engineers  population  projections  were  modified  to  incorporate 
1980  population  served  by  water  supply  system  as  provided  by 
community  representative. 

( 3)  Population  projections  provided  by  Fargo-Moorhead  Metropolitan  Council 
of  Governments. 


Monthly  municipal  demands  were  projected  to  occur  in  the  average  pattern  of 
withdrawals  observed  during  a  recent  period  (usually  1979-1981).  Monthly 
percentages  of  annual  withdrawals  were  averaged  for  the  recent  period  of  record  and 
were  applied  to  annual  demand  projections  to  determine  monthly  demand  projections. 

Annual  return  flows  from  municipal  wastewater  systems  were  projected  to  be 
proportional  to  the  projected  demands.  The  average  ratio  of  return  flow  to 
withdrawal  for  a  particular  municipal  system  was  determined  from  recent  years  of 
discharge  records,  if  available.  The  average  percentage  return  of  withdrawal  as 
determined  from  recent  records  was  assumed  to  remain  constant  through  the  year  2030 
and  was  applied  to  projected  annual  demands  to  obtain  projected  annual  return 
flows.  Projected  monthly  return  flows  were  based  on  monthly  discharge  records  for 
recent  years  and  were  assigned  in  a  manner  analogous  to  the  assignment  of  projected 
monthly  demands. 

As  an  example  of  the  calculation  procedure  used  to  determine  projected 
municipal  demands  and  return  flows,  the  analysis  for  the  Fargo  municipal  system  is 
provided  in  Appendix  II. 

Self-Served  Industry 

Self-served  major  water  using  industries  were  considered  individually.  Water 
demand  and  return  flow  projections  were  based  on  existing  records,  where  available, 
with  monthly  projections  assigned  in  a  procedure  analogous  to  that  used  for 
municipal  projections.  Representatives  of  several  industries  were  contacted  in 
regard  to  future  changes  in  production  which  may  affect  water  use.  In  most  cases, 
no  significant  changes  in  water  use  were  presently  foreseen;  thus,  projected 
demands  and  return  flows  were  assumed  constant. 


Irrigation  and  Livestock 

Irrigation  water  demands  were  based  on  permit  information.  The  demand  for  a 
given  river  reach  was  assumed  to  include  permitted  surface  water  withdrawals  and 
groundwater  withdrawals  adjacent  to  the  stream.  Present  and  projected  demands  are 
assumed  to  be  50  percent  of  the  permit  allotment.  This  value  is  considered 
representative  of  average  long-term  irrigation  water  use.  Actual  water  use  during 
any  particular  year  is  expected  to  vary.  Irrigation  demands  are  assumed  constant 
for  the  projected  period  because  of  the  presently  restricted  availability  of 
surface  water  for  irrigation  use  and  irrigable  land  adjacent  to  streams.  Monthly 
irrigation  withdrawals  were  assumed  to  occur  during  the  5-month  period  of  May 
through  September  in  the  same  pattern  determined  in  the  1976-77  demand  projections 
for  the  Grand  Forks-East  Grand  Forks  Urban  Study. 

Irrigation  return  flows  are  projected  to  be  20  percent  of  projected 
withdrawals.  The  return  flow  is  assumed  to  return  to  the  stream  from  which  the 
water  was  withdrawn  through  shallow  groundwater  flow  or  surface  runoff. 


Livestock  water  demands  were  assumed  to  be  1.1  million  gallons  per  year  per 
river  mile,  as  was  previously  determined  for  the  Grand  Forks-East  Grand  Forks  Urba 
Study.  This  figure  was  used  to  assign  demands  to  river  reaches  in  the  study  area. 
Projected  demands  are  assumed  constant. 


RESULTS 


Present  and  projected  water  demands  and  return  flows  for  municipal, 
self-served  industrial,  irrigation,  and  livestock  water  uses  for  the  years  of 
interest  —  2030,  2000,  1990,  and  1980  —  are  listed  in  table  3.  The  pattern  of 
1980  monthly  demands  and  return  flows  differs  from  those  projected  in  several  cases 
because  the  1980  information  represents  actual  withdrawals  and  discharges  while 
projections  are  based  on  average  withdrawal  and  discharge  patterns  observed  during 
recent  years.  Only  independent  withdrawals  and  discharges  are  listed  for 
self-served  industries  (i.e.,  if  additional  municipal  water  is  used,  it  is  included 
in  municipal  demands). 

The  demand  projections  presented  here  were  developed  in  a  similar  fashion  to 
the  projections  used  for  the  Grand  Forks-East  Grand  Forks  Urban  Study's  water 
supply  investigation.  The  present  demand  projections  are  generally  comparable  to 
those  estimated  in  the  1976-77  work  with  the  exception  of  the  2030  Fargo  municipal 
demand.  The  average  projected  2030  municipal  demands  for  Fargo  in  the  present  and 
1976-77  investigations  are  26.0  cubic  feet  per  second  (cfs)  and  37.1  cfs, 
respectively.  The  change  in  demand  projections  is  attributed  mostly  to  the 
difference  in  population  projections.  The  projected  2030  Fargo  populations  used  in 
the  present  and  previous  investigations  were  99,500  and  123,135. 
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TABLE  3  (continued) 


TABLE  3  (continued) 


Individual  septic  systems  used.  Return  f lav  considered  negligible. 
(l)QWAwell  field  is  located  about  4  miles  southeast  of  Horace,  htorth  Dakota  (Nl/2  Sec.  3,  T137N,  R49W). 
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TABLE  3  (continued) 


(1)Moortiead  return  flows  include  return  flows  fron  Di  I  worth,  Minnesota 


TABLE  3  (continued) 


2030  0.16  0.17  0.16  0.19  0.27 


TABLE  3  (continued) 


TABLE  3  (continued) 


(l)Projected  American  Crystal  Sugar  withdrawals  represent  makeup  to  water  recycllng  system 

Negligible  projected  return  flow  is  expected  because  the  coipany  recycles  water.  Additional  production  water  is  obtained 
from  and  discharged  to  Moorhead  rrunicipal  systems. 


TABLE  3  (continued) 


iLlvestock  demand  based  on  average  demand  of  1.1  million  gallons  per  year  per  river  mile 
Return  flow  considered  negligible. 


TABLE  3  (continued) 


Return  flow  considered  negligible. 


APPENDIX  I 

SPECIFIC  INFORMATION  AND  ASSUMPTIONS  PERTAINING 
TO  INDIVIDUAL  WATER  DEMAND  PROJECTIONS 


American  Crystal  Sugar,  Moorhead,  Minnesota 


American  Crystal  Sugar  receives  water  from  Moorhead  and  also  by  direct  intiike 
from  the  Red  River.  Approximately  0.25  million  gallons  per  day  (mgd)  of  municipal 
water  is  used  in  a  new  process  of  sugar  extraction  from  molasses.  Wastewater  from 
this  process  is  discharged  to  the  Moorhead  sewer  system.  Mo  significant  change  in 
future  use  of  municipal  water  is  foreseen. 

Water  withdrawn  from  the  Red  River  is  used  for  sugar  beet  processing.  In 
recent  years,  wastewater  was  treated  and  returned  to  the  Red  River  from  wastewater 
ponds.  Because  of  return  flow  quality  problems,  water  recycling  is  practiced. 
During  the  transition,  no  water  was  withdrawn  from  the  Red  River  in  1980.  Future 
withdrawals  are  expected  to  be  1 50  million  gallons  per  year  from  the  Red  River  for 
makeup  to  the  recycling  system  with  no  discharge. 

Argusville,  North  Dakota 

Argusville  began  total  use  of  Cass  Rural  Water  Users  Association  water  in 
October  1981.  Previously,  water  was  obtained  from  one  municipal  well.  The  1980 
monthly  well  withdrawals  were  assumed  to  represent  projected  demands  because  the 
population  is  not  expected  to  increase. 

Wastewater  is  discharged  from  a  lagoon  to  the  Red  River  via  a  drainage  ditch. 
The  lagoon  is  usually  discharged  for  3  days  each  year  at  an  average  rate  of  0.6 
mgd,  resulting  in  an  annual  discharge  of  about  1.8  million  gallons.  The  return 
flow  is  assumed  to  remain  constant  through  the  year  2030;  discharges  are  assumed  to 
be  in  April  of  each  year. 

Briarwood ,  North  Dakota 

Water  is  supplied  to  Briarwood  by  the  Cass  Rural  Water  Users  Association.  In 
1980,  total  water  delivery  to  Briarwood  was  1.59  million  gallons  for  57  people 
(about  76  gallons  per  capita  per  day).  Projecting  from  the  1980  per  capita  use 
resulted  in  a  demand  of  2.23  million  gallons  per  year  for  the  projected  population 
of  80  during  1990-2030. 

Individual  septic  systems  are  used  for  wastewater  disposal.  Because  of  the 
low  present  and  projected  water  demand  (about  0.01  cfs),  return  flow  is  assumed  to 
be  negligible. 

Busch  Agricultural  Resources,  Moorhead,  Minnesota 

The  Anheuser-Busch  malt  plant  receives  its  water  supply  from  Moorhead.  During 
1980,  the  malt  plant  received  273  million  gallons,  approximately  18  percent  of  the 
total  1980  Moorhead  withdrawal.  Wastewater  is  discharged  to  the  Moorhead  municipal 
system.  No  significant  change  in  future  water  use  is  foreseen. 

Cargill  Sunflower  Plant,  Riverside,  North  Dakota 

Cargill  obtains  water  from  both  Riverside  and  a  private  well  in  the  West  Fargo 
aquifer.  Use  of  the  private  well  began  in  October  1980  when  processing  operations 
started.  Projected  demands  are  assumed  equal  to  1981  water  use  (plus  an  additional 
15  percent  resulting  from  an  unusual  "downtime"  in  1981)  because  no  significant 
change  in  water  use  is  foreseen.  Wastewater  is  discharged  to  the  Riverside 
municipal  system. 
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Cass-Clay  Creamery,  Fargo,  North  Dakota 

The  Cass-Clay  Creamery  obtains  water  from  Fargo  and  its  own  well.  The  well  is 
191  feet  deep;  the  Fargo  aquifer  is  the  probable  source.  Well  withdrawal  records 
were  not  available.  Present  and  projected  water  use  is  assumed  equal  to  the 
permitted  amount  of  65.2  million  gallons  per  year  because  the  private  well  is 
expected  to  be  a  more  economical  source  than  municipal  water.  The  creamery  plans 
to  construct  a  new  well;  thus,  continued  independent  withdrawals  are  expected. 
Wastewater  is  discharged  to  the  Fargo  municipal  system. 

Cass  Rural  water  Users  Association,  Kindred,  North  Dako ta 


The  Cass  Rural  Water  Users  Association  (CRWUA)  supplies  water  to  a  large 
number  of  users  —  both  communities  and  indivic  lals  --  in  Cass  County,  North 
Dakota.  The  CRWUA  operates  three  separate  well  fields  in  the  county,  each  with  a 
respective  service  area.  A  West  Fargo  aquifer  well  field  located  about  4  miles 
southeast  of  Horace,  North  Dakota  (in  Nl/2  Section  3,  T137N,  R49W),  serves  the  Cass 
County  area  south  of  Argusville  and  east  of  Mapleton.  Study  area  communities 
served  by  this  well  field  are  Mapleton,  Briarwood,  Frontier,  North  River,  and  a  few 
homes  in  Reile's  Acres.  Argusville  is  supplied  by  another  CRWUA  well  in  western 
Cass  County. 

The  1980  total  amount  pumped  from  the  well  field  near  Horace  was  153  million 
gallons.  Actual  or  estimated  water  use  by  the  study  area  communities  in  1980 
represents  approximately  15  percent  of  this  total,  indicating  .aost  of  the  water 
withdrawn  from  this  well  field  is  delivered  to  individual  users  or  other 
communities. 

Future  use  of  this  well  field  depends  on  rural  growth  in  the  general  Fargo 
area.  The  sum  of  projected  populations  for  communities  using  CRWUA  water  was  used 
as  an  indicator  of  rural  growth.  Projected  annual  withdrawals  were  assumed  to 
increase  from  the  1980  amount  in  proportion  to  the  projected  rural  population 
increase.  Projected  monthly  withdrawals  are  assumed  to  occur  in  the  average 
pattern  observed  between  1978  and  1980. 

Dilworth,  Minnesota 


Dilworth  obtains  water  from  three  municipal  wells  in  the  Kragnes  aquifer. 
Projected  water  demands  are  based  on  the  1980  per  capita  use  of  80  gallons  per  day 
and  population  projections.  Pumping  records  were  used  to  determine  the  average 
monthly  percentage  of  total  annual  withdrawal  during  the  period  of  1978-1980. 
Projected  monthly  withdrawals  were  assumed  to  follow  the  average  1978-1980  pattern. 

Dilworth  wastewater  is  discharged  to  the  Moorhead  municipal  system.  This 
method  of  wastewater  discharge  is  assumed  to  continue. 

Fargo,  North  Dakota 

Fargo  obtains  water  from  the  Red  River.  In  1980,  the  total  withdrawal  was 
3.78  billion  gallons  for  a  population  of  61,281,  indicating  a  per  capita  use  of  169 
gallons  per  day.  Future  water  demands  were  projected  from  1980  per  capita  use  and 
population  projections.  Water  withdrawal  records  were  used  to  determine  the 
average  monthly  percentages  of  total  annual  withdrawal  during  the  period  of 
1979-1981.  Projected  monthly  withdrawals  were  assumed  to  follow  the  1979-1W81 
pattern. 
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Fargo  operates  a  wastewater  lagoon  system  which  discharges  to  the  Red  River. 
On  the  basis  of  1979-1981  records,  the  average  annual  return  flow  is  75  percent  of 
withdrawal.  Projected  return  flows  are  assumed  to  be  75  percent  of  projected 
demands.  Lagoon  discharge  records  were  used  to  determine  the  average  monthly 
percentage  of  total  annual  discharge  during  the  period  of  1979-1981.  Projected 
monthly  discharges  were  assumed  to  follow  the  same  pattern. 

Frontier ,  North  Dakota 


Frontier  residents  receive  water  from  the  Cass  Rural  Water  Users  Association 
on  an  individual  basis.  Total  water  delivery  records  to  Frontier  were  not 
available.  Present  (1980)  and  projected  water  demands  were  based  on  population 
projections  and  a  per  capita  use  of  70  gallons  per  day. 

Individual  septic  systems  are  used  for  wastewater  disposal  in  Frontier.  As  a 
result  of  the  low  present  and  projected  water  demand  (about  0.02  cfs),  return  flow 
is  assumed  to  be  negligible. 

Glyndon,  Minnesota 


Glyndon  obtains  municipal  water  from  two  wells  in  the  Buffalo  aquifer. 
Projected  water  demands  were  based  on  population  projections  and  the  1980  per 
capita  use  of  109  gallons  per  day.  Pumping  records  were  used  to  determine  the 
average  monthly  percentage  of  total  annual  withdrawal  during  the  period  1979-1981. 
Projected  monthly  withdrawals  were  assumed  to  follow  the  1979-1981  pattern. 

Wastewater  from  Glyndon  is  pumped  into  a  7-acre  primary  lagoon.  From  there  it 
enters  a  secondary  3-acre  lagoon.  Overflow  is  constant  from  the  secondary  lagoon. 
The  overflow  enters  a  creek  that  discharges  to  the  Buffalo  River.  According  to 
1980  and  1981  records,  about  78  percent  of  withdrawals  are  returned  to  the  lagoons. 
It  is  assumed  that  future  lagoon  inflows  will  be  78  percent  of  projected  demands 
and  that  90  percent  of  the  lagoon  inflow  is  returned  to  the  Buffalo  River.  Present 
and  projected  return  flows  are  based  on  the  equivalent  assumption  that  70  percent 
of  annual  withdrawals  are  returned  to  the  Buffalo  River  on  a  constant  discharge 
basis. 

Harwood,  North  Dakota 


Harwood  obtains  water  from  two  wells  in  an  undesignated  aquifer.  Projected 
demands  were  based  on  population  projections  and  the  1980  per  capita  use  of  79 
gallons  per  day.  Pumping  records  were  used  to  determine  the  average  monthly 
percentage  of  total  annual  withdrawal  during  the  period  1979-1981.  Projected 
monthly  withdrawals  were  assumed  to  follow  the  1979-1981  pattern. 

Harwood  operates  a  wastewater  lagoon  which  discharges  to  the  Red  River  via  a 
drainage  ditch.  Lagoon  discharges  vary.  During  1979-1981,  four  discharges 
occurred:  three  in  1979,  none  during  1980,  and  one  in  1981.  For  the  3-year  period 

of  1979-1981,  the  lagoon  discharge  averaged  44  percent  of  withdrawal.  Projected 
return  flows  are  assumed  to  be  44  percent  of  the  projected  annual  demand.  Lagoon 
discharges  are  assumed  to  occur  in  May  and  October  of  each  year. 

Held  Beef  Industries,  West  Fargo,  North  Dakota 

Held  Beef  obtains  water  from  two  private  wells  in  the  West  Fargo  aquifer. 

West  Fargo  started  metering  the  wells  July  1980.  Pumping  data  for  the  first  6 
months  of  1981  are  assumed  to  be  representative  of  the  same  period  in  1980.  Future 
water  use  is  projected  to  be  the  same  as  that  of  1980-81. 
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Horace,  North  Dakota 


Horace  obtains  water  from  five  wells  in  an  undesignated  aquifer.  Demand 
projections  were  based  on  population  projections  and  the  1980  per  capita  use  of  59 
gallons  per  day.  Projected  monthly  demands  were  assumed  to  follow  the  1980  pattern 
of  monthly  withdrawals. 

Horace  operates  a  wastewater  lagoon  that  discharges  to  the  Red  River  via  a 
county  drain.  During  1980,  two  discharges  of  980,100  gallons  each  occurred  in 
April  and  November.  This  represents  approximately  20  percent  of  water  withdrawal 
for  the  year.  Projected  return  flows  are  assumed  to  be  20  percent  of  projected 
demands,  with  two  equal  discharges  occurring  in  April  and  November  of  each  year. 

Irrigation 


Irrigation  water  demands  were  based  on  permit  information.  The  demand  for  a 
given  stream  reach  was  assumed  to  include  permitted  surface  water  withdrawals  and 
groundwater  withdrawals  within  1  mile  of  the  stream.  Projected  average  use  is 
assumed  to  be  50  percent  of  the  permit  allocation.  The  North  Dakota  State  Water 
Commission  and  Minnesota  Department  of  Natural  Resources  consider  50  percent  of  the 
permit  allotment  to  represent  average  long-term  water  use.  Actual  use  in  a 
particular  year  will  vary.  Withdrawals  may  equal  the  permit  allotment  during  dry 
years;  nominal  withdrawals  would  be  made  during  wet  years. 


Irrigation  in  the  study  area  is  normally  done  during  the  5-month  period  May 
through  September.  Minnesota  permits  allow  irrigation  only  during  this  period.  As 
determined  from  North  Dakota  State  Water  Commission  data  for  the  Grand  Forks-East 
Grand  Forks  Urban  Study's  water  supply  investigation,  the  average  monthly 
percentages  of  total  annual  application  are  4  percent  in  May,  8  percent  in  June,  41 
percent  in  July,  30  percent  in  August,  and  17  percent  in  September.  Projected 
monthly  irrigation  water  withdrawals  are  assumed  to  follow  this  pattern. 

Irrigation  return  flows  are  assumed  to  be  20  percent  of  withdrawals.  This 
percentage  was  obtained  by  comparing  total  irrigation  water  consumption  and 
withdrawal  in  Minnesota  during  1976  as  determined  by  the  Minnesota  Water  Planning 
Board  (cited  in  Minnesota  Department  of  Health,  1981).  The  return  flow  is  assumed 
to  return  to  the  stream  from  which  the  water  was  withdrawn  by  means  of  shallow 
groundwater  flow  or  surface  runoff. 

Projected  irrigation  demands  are  assumed  to  remain  constant.  This  assumption 
is  consistent  with  the  method  by  which  demands  were  assigned.  A  permit  for  surface 
water  irrigation  withdrawals  cannot  be  obtained  unless  the  irrigable  land  is 
adjacent  to  the  stream.  As  a  result  of  present  surface  water  allocations  to  such 
landowners,  additional  permits  are  expected  to  allow  only  minor  withdrawals, 
possibly  dependent  on  streamflow  conditions.  Thus,  future  large-scale  irrigation 
projects  are  expected  to  use  groundwater  sources  away  from  streams. 

kragne s ,  Minnesota 

Kragnes  residents  use  individual  wells  and  septic  systems.  The  projected 
population  for  Kragnes  is  constant  at  30  through  the  study  period.  Assuming  a  per 
capita  water  use  of  90  gallons  per  day,  the  demand  for  Kragnes  would  be  negligible 
(about  0.004  cfs).  Return  flow  is  also  assumed  to  be  negligible. 
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Livestock 


Livestock  water  demands  were  based  on  a  total  use  of  1.19  mgd  over  a  394-mile 
reach  of  the  Red  River  as  determined  in  1976-77  for  the  Grand  Forks-East  Grand 
Forks  Urban  Study's  water  supply  investigation.  The  resulting  average  livestock 
water  use  of  1.1  million  gallons  per  year  per  river  mile  was  used  to  assign  demands 
to  river  reaches  in  the  study  area.  Projected  demands  are  assumed  to  remain 
constant. 

Maple ton,  North  Dakota 


Mapleton  has  received  its  total  water  supply  from  the  Cass  Rural  Water  Users 
Association  since  1977.  The  previous  source  of  water  was  the  Maple  River. 

Projected  water  demands  are  based  on  the  1980  per  capita  use  of  80  gallons  per  day 
and  population  projections.  Water  delivery  records  were  used  to  determine  the 
average  monthly  percentage  of  total  annual  deliveries  during  1978  and  1980. 
Projected  monthly  demands  were  assumed  to  follow  the  average  1978  and  1980  delivery 
pattern. 

Mapleton  operates  a  lagoon  wastewater  system  which  has  not  been  discharged  for 
about  5  years.  It  was  constructed  in  anticipation  of  a  mobile  home  court  which  was 
not  developed.  The  lagoons  are  operating  at  about  half  capacity.  Projected  water 
use  doubles  by  2030,  implying  lagoon  discharges  may  be  required  at  that  time.  It 
is  assumed  that  20  percent  of  the  projected  2030  demand  is  discharged  to  the  Maple 
River  during  May  and  September.  Zero  discharge  is  assumed  for  the  period  before 
2030. 

Moorhead,  Minnesota 


Moorhead  obtains  water  from  the  Red  River,  two  wells  in  the  Moorhead  aquifer, 
and  three  wells  in  the  Buffalo  aquifer.  The  major  commercial  users  of  municipal 
water  are  the  Anheuser-Busch  malt  plant  and  American  Crystal  Sugar. 

The  projected  annual  water  demands  for  Moorhead  are  based  on  population 
projections  and  the  1980  per  capita  use  of  143  gallons  per  day.  As  determined  from 
1979-1981  withdrawal  records,  the  average  percentages  of  Moorhead  supply  obtained 
from  each  of  the  three  sources  are  56  percent  from  the  Red  River,  31  percent  from 
the  Buffalo  aquifer,  and  13  percent  from  the  Moorhead  aquifer.  These  percentages 
were  applied  to  projected  annual  Moorhead  demands  to  determine  the  projected  annual 
withdrawal  from  each  source.  Average  monthly  percentages  of  annual  withdrawal  from 
each  source  during  1979-1981  were  computed  from  pumping  records.  Projected  monthly 
withdrawals  from  each  source  are  assumed  to  follow  the  1979-1981  monthly  withdrawal 
pattern. 

Moorhead  operates  a  wastewater  treatment  plant  which  serves  both  Moorhead  and 
Dilworth.  Discharge  is  to  the  Red  River.  Projected  annual  return  flows  are  based 
on  the  average  1978-1981  annual  discharge  and  are  assumed  to  increase  in  proportion 
to  combined  projected  populations  of  Moorhead  and  Dilworth.  Average  monthly 
percentages  of  total  annual  discharge  during  1979-1981  were  determined  from 
discharge  records.  Projected  monthly  return  flows  are  assumed  to  follow  the 
average  1979-1981  pattern. 


Moorhead  Power  Plant,  Moorhead,  Minnesota 

The  Moorhead  Power  Plant  obtains  water  directly  from  the  Red  River.  Water  is 
used  primarily  for  an  evaporative  steam  cooling  tower  constructed  in  197b.  The 
plant  is  leased  by  a  power  generating  agency  and  operates  during  peak  overload 
demand  periods,  which  usually  occur  in  January,  February,  July,  and  August.  The 
number  of  operating  days  per  year  has  varied  from  21  in  1977  to  238  in  1979  and 
averages  114  for  the  period  1977-1981.  The  plant  operated  for  88  days  during  1980. 

Under  operating  conditions,  water  is  withdrawn  from  the  Red  River  continuously 
at  pump  capacity  (490  gpm).  For  the  1980  water  demand,  it  was  assumed  that  Red 
River  withdrawals  were  made  at  intake  pump  capacity  and  that  the  88  operational 
days  were  split  evenly  among  the  four  months  of  peak  demand  —  January,  February, 
July,  and  August.  Projected  demands  are  based  on  the  same  assumptions  with  the 
exception  that  the  number  of  operational  days  each  year  was  assumed  to  be  114,  the 
average  for  the  period  of  1977-1981.  The  actual  number  of  operational  days  during 
future  years  is  expected  to  vary. 

Return  flow  is  expected  to  be  negligible,  since  withdrawn  water  is  used 
primarily  for  evaporative  cooling. 

North  River,  North  Dakota 

North  River  residents  receive  water  from  the  Cass  Rural  Water  Users 
Association  on  an  individual  basis.  Records  of  total  water  delivery  were  not 
available.  Present  (1980)  and  projected  water  demands  are  based  on  population 
projections  and  a  per  capita  use  of  70  gallons  per  day. 

Individual  septic  systems  are  used  for  wastewater  disposal.  Return  flow  is 
assumed  to  be  negligible  because  of  the  low  projected  demand  (0.01  to  0.03  cfs). 

Prairie  Rose,  North  Dakota 

Prairie  Rose  residents  obtain  water  from  individual  wells  in  an  undesignated 
aquifer.  Present  (1980)  and  projected  water  demands  are  based  on  population 
projections  and  a  per  capita  use  of  70  gallons  per  day. 

Individual  septic  systems  are  used  for  wastewater  disposal.  Return  flow  is 
assumed  negligible  because  of  the  low  projected  demand  (0.01  to  0.02  cfs). 

Reile's  Acres,  North  Dakota 

Residents  of  Reile's  Acres  typically  use  one  well  to  supply  a  few  homes. 
Approximately  10  percent  of  the  homes  receive  water  from  the  Cass  Rural  water  Users 
Association.  Water  use  records  were  not  available.  Present  and  projected  water 
demands  are  based  on  a  per  capita  use  of  70  gallons  per  day  and  a  present  and 
projected  population  of  191. 

Individual  septic  systems  are  used  for  wastewater  disposal.  Return  flow  is 
assumed  to  be  negligible  because  of  the  low  projected  demand  (0.02  cfs). 
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Riverside,  North  Dakota 


Riverside  obtains  water  from  one  city  well  in  the  West  Fargo  aquifer.  City 
water  is  used  for  residential  and  commercial  purposes.  The  largest  commercial 
water  user  is  the  Cargill  Sunflower  Plant. 

Withdrawal  records  for  1980  indicate  a  per  capita  use  of  76  gallons  per  day  by 
a  population  of  465.  The  projected  population  for  1990  through  2030  is  constant  at 
600.  However,  much  of  Riverside  is  industrially  zoned;  thus,  projected  water  use 
would  be  expected  to  increase  as  a  result  of  industrial  development.  It  is  assumed 
in  projecting  demands  that  per  capita  use  increases  10  percent  each  decade  because 
of  industrial  development.  Organized  records  on  which  monthly  breakdowns  of 
withdrawals  could  be  based  were  not  available.  Projected  monthly  demands  were 
assumed  to  be  constant  each  year. 

Riverside  uses  the  wastewater  treatment  plant  originally  constructed  for  the 
Armour  meat  processing  plant  which  ceased  operations  in  the  1960's.  Discharge  from 
the  treatment  plant  usually  enters  a  holding  pond  which  discharges  to  the  Sheyenne 
River.  When  the  Cargill  Sunflower  Plant  is  in  full  production,  treatment  plant 
discharge  may  be  made  directly  to  the  river.  No  holding  pond  discharges  occurred 
prior  to  late  1980  when  Cargill  began  processing  operations.  Pond  discharges  are 
estimated  to  have  occurred  bimonthly  on  the  average  during  1981.  Projected  return 
flows  are  assumed  to  be  40  percent  of  withdrawals  on  the  basis  of  the  limited 
recent  discharge  information.  Equal  discharges  are  assumed  to  occur  during  the 
months  of  April,  June,  August,  and  October. 

Riverside  may  connect  to  the  West  Fargo  municipal  sewer  system  in  the  future. 
The  net  effect  of  this  change  would  be  minor  because  West  Fargo  also  discharges  to 
the  Sheyenne  River  and  projected  Riverside  return  flows  are  a  small  percentage  of 
those  projected  for  West  Fargo. 

Rustad,  Minnesota 

Rustad  residents  obtain  water  from  individual  wells  in  an  undesignated 
aquifer.  Present  and  projected  water  demands  are  based  on  a  per  capita  use  of  80 
gallons  per  day  and  population  projections. 

Individual  septic  systems  are  used  for  wastewater  disposal.  Return  flow  is 
assumed  negligible  because  of  the  low  projected  demand  (0.01  cfs). 

Sabin,  Minnesota 


Sabin  obtains  water  from  one  unmetered  well  in  the  Buffalo  aquifer.  Present 
and  projected  water  demands  are  based  on  population  projections  and  a  per  capita 
water  use  of  90  gallons  per  day.  Monthly  withdrawals  are  assumed  to  follow  tdie 
average  1979-1981  Glyndon  pumping  pattern. 

Sabin  operates  a  wastewater  lagoon  which  is  discharged  in  June  and  October. 
Lagoon  effluent  enters  the  Red  River  via  a  county  ditch.  Recent  lagoon  inflows  and 
outflows  are  not  known.  As  in  the  similar  size  community  of  Glyndon,  return  flow 
is  assumed  to  be  70  percent  of  annual  withdrawal.  Equal  return  flows  are  assumed 
to  occur  in  June  and  October. 
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Union  Stockyards,  West  Fargo,  North  Dakota 


Union  Stockyards  obtains  water  from  two  wells  in  the  West  Fargo  aquifer. 

Water  is  used  for  watering  cattle,  hogs,  and  sheep  and  in  the  stockyards'  office 
building.  Water  use  at  the  stockyards  has  declined  substantially  --  from  135 
million  gallons  in  1975  to  12.5  million  gallons  in  1981  because  of  implementation 
of  an  automatic  watering  system  which  supplies  water  to  livestock  when  required, 
rather  than  at  a  constant  rate.  Projected  demands  are  assumed  to  remain  constant 
at  the  1981  level.  Actual  future  use  may  be  less  because  of  further  improvements 
in  water  conservation. 

Union  Stockyards  operates  a  lagoon  wastewater  system  which  discharges  to  the 
Sheyenne  River.  As  a  result  of  water  conservation  efforts,  return  flows  are  also 
declining.  The  annual  discharge  dropped  from  36.1  million  gallons  in  1980  to  17.9 
million  gallons  in  1981.  Return  flows  are  noted  to  exceed  withdrawals  during 
recent  years.  Projected  return  flows  are  assumed  to  remain  constant  at  the  1981 
figure.  Actual  future  return  flows  may  be  less  because  of  more  efficient  water 
use. 

West  Fargo,  North  Dakota 

West  Fargo  obtains  water  from  four  wells  in  the  West  Fargo  aquifer.  Projected 
demands  are  based  on  the  198G  per  capita  use  of  86  gallons  per  day  and  population 
projections.  Pumping  records  were  used  to  determine  the  average  monthly 
percentages  of  total  annual  withdrawal  during  the  period  of  1979-1981.  Projected 
monthly  demands  were  assumed  to  follow  the  1979-1981  average  pattern. 

Return  flow  from  West  Fargo  consists  of  wastewater  lagoon  discharge  to  the 
Sheyenne  River.  Based  on  6  years  of  discharge  record  (1972-1976  and  1980),  return 
flows  average  about  80  percent  of  withdrawals.  Projected  return  flows  are  assumed 
to  be  80  percent  of  projected  demands.  Projected  monthly  discharges  are  assumed  to 
occur  similar  to  the  average  pattern  of  discharge  during  the  6  years  of  record. 
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Fargo  obtains  its  municipal  water  supply  from  the  Red  River.  As  determined 
from  withdrawal  records,  recent  annual  water  use  was  as  follows: 


Year 

Withdrawal  (106  gal) 

Population 

Per  Capita  Use 

1981 

3,529.9 

62,000  (est. ) 

1S6  (est.  ) 

1980 

3,775.6 

61 , 281 

169 

1979 

3,643.7 

60,437  (est.) 

165  (est.  ) 

1978 

3,465.8 

59,594  (est.) 

1 59  (est. ) 

1975 

2,878.4 

57,063  (est.) 

1  38  (est.  ) 

1970 

2,662.8 

53, 365 

137 

Projected  annual  demands  based  on  population  projections  and  1980  per  capita 
use  of  169  gallons  per  day  are: 


Year 

1990 

2000 

2030 


Projected  Population  Projected  Annual  Demand  (10^  gal) 
66,700  4,114.4 

71,388  4,403.6 

99,500  6,137.7 


Projected  monthly  demands  are  assumed  to  follow  the  average  pattern  of 
withdrawals  which  occurred  during  the  period  of  1979-1981.  Monthly  withdrawal 
volumes  for  this  period  are: 


withdrawal  (106  gal) 


Month 

1979 

1980 

1981 

Jan 

278.3 

244.0 

259.3 

Feb 

321.0 

247.9 

226.2 

Mar 

336.8 

253.8 

251 .9 

Apr 

289.5 

324.7 

279.1 

May 

301.0 

465.9 

375.9 

Jun 

332.3 

321.1 

304.0 

Jul 

335.3 

497.7 

387.1 

Aug 

325.8 

348.7 

360.4 

Sep 

337.  1 

279.6 

290.7 

Oct 

294.4 

267.3 

269.8 

Nov 

250.0 

263.5 

266.7 

Dec 

242.3 

261.6 

258.8 

The  average  monthly  percentages  of  total  annual  withdrawals  for  the  period  of 
1979-1981  are  determined  from  the  pumping  records: 


Percentage  of 

Total 

Withdrawal 

Month 

1979 

1  980 

1981 

Average 

Jan 

8 

6 

7 

7 

Feb 

9 

7 

6 

8 

Mar 

9 

7 

7 

8 

Apr 

8 

9 

8 

8 

May 

8 

12 

1  1 

10 

Jun 

9 

9 

9 

9 

Jul 

9 

1  3 

1  1 

1 1 

Aug 

9 

9 

10 

9 

Sep 

9 

7 

8 

8 

Oct 

8 

7 

8 

8 

Nov 

7 

7 

8 

7 

Dec 

7 

7 

7 

7 
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Projected  monthly  demands  are  then  obtained  from  the  equation: 


projected  monthly  demand  (cfs)  =*  0.01547  x  projected  annual 

demand (106  gal)  x  avg.  monthly 
%  withdrawal  /  no.  days  in  month. 

Fargo  return  flows  consist  of  wastewater  lagoon  discharges  to  the  Red  River. 
The  following  information  is  obtained  from  discharge  records: 


Year 

Total  Annual 
Discharge  (106  gal) 

Ratio  of  Discharge 
to  Withdrawal 

1981 

2,742.7 

0.78 

1980 

2,293.9 

0.61 

1979 

3, 115.3 

0.85 

1  978 

2,844.2 

0.82 

1  975 

3,  184.0 

1.11 

1970 

1,869.1 

0.70 

Projected  annual  return  flows  are  assumed  to  be  75  percent  of  withdrawals  on 
the  basis  of  average  ratio  of  discharge  to  withdrawals  during  1979-1981.  Thus, 
projected  annual  return  flows  are: 

Year  Projected  Demand  (106  ^al)  Projected  Return  Flow  (106  gal) 

1990  4,114.4  3,085.8 

2000  4,403.6  3,302.7 

2030  6,137.7  4,603.3 

Projected  monthly  return  flows  are  assumed  to  follow  the  average  pattern  of 
discharges  which  occurred  during  the  period  1979-1981.  Monthly  discharges  for  this 
period  are: 


Discharge  (106 

?al) 

Month 

1979 

1980 

1981 

Jan-Mar 

0 

0 

0 

Apr 

105.5 

0 

377.7 

May 

384.4 

613.0 

418.3 

Jun 

741.5 

321.9 

0 

Jul 

0 

0 

666.3 

Aug 

504.3 

307.0 

0 

Sep 

233.2 

377.3 

0 

Oct 

440.7 

0 

443.8 

Nov 

51  2.1 

485.8 

607.6 

Dec 

193.7 

188.9 

229.0 

The  average  monthly  percentages  of  total  annual  discharges  during  1979-1981 
are  determined  from  the  discharge  records: 


Percentage  of 

Annual 

Discharge 

Month 

1979 

1  980 

1981 

Average 

Jan-Mar 

0 

0 

0 

0 

Apr 

4 

0 

14 

6 

May 

12 

27 

15 

18 

Jun 

24 

14 

0 

13 

Jul 

0 

0 

24 

8 

Aug 

16 

1  3 

0 

10 

Sep 

8 

16 

0 

8 

Oct 

14 

0 

16 

10 

Nov 

16 

21 

22 

19 

Dec 

6 

9 

9 

8 
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REFERENCES 


PERSONAL  00 MM UN XCATIONS 

The  following  people  provided  information  pertinent  to  the  development  of  the 
water  demand  and  return  flow  projections.  Information  from  these  sources  was 
obtained  through  written  correspondence,  telephone  conversation,  or  personal 
contact  from  18  January  through  3  March,  1982.  For  each  person  contacted,  their 
affiliation  and  type  of  information  provided  are  listed.  The  corresponding 
addresses  and  phone  numbers  for  all  persons  contacted  are  listed  by  the  community, 
industry,  or  organization  they  represent  in  table  4. 

Beckman,  Art,  Cass-Clay  Creamery. 

General  information  pertaining  to  water  use  at  the  Cass-Clay  Creamery. 

Block,  Jeff,  Moore  Engineering  Incorporated,  West  Fargo,  North  Dakota. 

Information  pertaining  to  Riverside  wastewater  treatment  facility. 

Brussman,  John,  Busch  Agricultural  Resources. 

Discussed  future  water  use  at  Busch  Agricultural  Resources  malt  plant  in 
Moorhead. 

Buth,  Harry,  Sabin,  Minnesota. 

General  information  pertaining  to  water  supply  and  wastewater  systems  and  an 
estimate  of  present  water  use  in  Sabin. 

Christianson,  Rod,  Cargill  Sunflower  Plant. 

Records  of  private  well  withdrawals  and  past  and  future  operating  conditions. 

Conway,  Donna,  North  River,  North  Dakota. 

General  information  pertaining  to  the  water  supply  and  wastewater  systems  in 
North  River. 

Cowden,  Gary,  Dilworth,  Minnesota. 

Dilworth  city  well  pumping  records. 

Ertmann,  Victor,  Cass  Rural  Water  Users  Association  (CRWUA). 

Records  of  water  deliveries  to  Mapleton  and  Briarwood  and  total  withdrawals 
from  the  well  field  near  Horace.  Discussed  general  characteristics  of  CRWUA 
operations . 

Fordyce,  Ira,  American  Crystal  Sugar. 

Records  of  Red  River  withdrawals  and  discharges  made  by  American  Crystal 
Sugar.  Future  use  of  both  city  and  independently  withdrawn  water. 


Fuller,  Rifcfaard,  West  Fargo,  North  Dakota. 

Records  of  water  withdrawals  and  lagoon  discharges  for  West  Fargo.  Records  of 
withdrawals  made  by  Held  Beef  Industries  from  their  private  wells  (metered  by 
West  Fargo). 

Hanson,  Mrs.  Gerald,  Argusville,  North  Dakota. 

City  well  withdrawals,  Cass  Rural  Water  Users  Association  deliveries,  and  lagoon 
discharge  information  for  Argusville. 

Holm,  James,  Moorhead  Power  Plant. 

Information  pertaining  to  the  Moorhead  Power  Plant  operations.  Red  River 
intake  pump  capacity,  and  operating  history  from  which  water  use  estimates 
could  be  made. 

Larson,  Amy,  Kragnes,  Minnesota. 

General  information  pertaining  to  the  water  supply  and  wastewater  systems  in 
Kragnes . 

Mark,  Sharon,  Briarwood,  North  Dakota. 

General  information  pertaining  to  the  water  supply  and  wastewater  systems  in 
Briarwood. 

Matzke,  Dale,  Mapleton,  North  Dakota. 

Information  pertaining  to  the  Mapleton  wastewater  lagoon. 

McClain,  Clifford,  Moorhead,  Minnesota. 

Records  of  water  withdrawals  by  Moorhead  and  annual  deliveries  made  to  major 
industries. 

McClenathan,  Sheila,  North  Dakota  State  Department  of  Health. 

Return  flow  information  for  North  Dakota  communities  in  the  study  area  and 
Union  Stockyards. 

Nelson,  LaVerne,  Frontier,  North  Dakota. 

General  information  pertaining  to  the  water  supply  and  wastewater  systems  in 
Frontier. 

Olson,  Dee,  Prairie  Rose,  North  Dakota. 

General  information  pertaining  to  water  supply  and  wastewater  systems  in 
Prairie  Rose. 

Olson,  Lloyd,  Glyndon,  Minnesota. 

Glyndon  well  withdrawal  and  wastewater  lagoon  inflow  records  and  the  operational 
history  of  the  lagoon. 
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Peloubet,  Frank,  Moorhead,  Minnesota. 

Records  of  discharge  to  the  Red  River  by  the  Moorhead  wastewater  treatment  plant. 

Posey,  Thomas,  Mapleton,  North  Dakota. 

General  information  pertaining  to  the  water  supply  and  wastewater  systems 
in  Mapleton. 

Ruby,  Kenneth,  Fargo,  North  Dakota. 

Water  withdrawal  and  discharge  records  for  Fargo. 

Saude,  Gerald,  Horace,  North  Dakota. 

Horace  well  withdrawal  and  wastewater  lagoon  discharge  records. 

Sinner,  Eilene,  Riverside,  North  Dakota. 

Well  withdrawal  records  and  return  flow  information  for  Riverside. 

Siverhus,  Mike,  Minnesota  Pollution  Control  Agency. 

Information  pertaining  to  permitted  discharges  in  the  study  area. 

smith,  Michael,  North  Dakota  State  Water  Commission. 

Water  permit  and  withdrawal  information  for  North  Dakota  water  users  in  the  study 
area,  including  recent  pumping  records  for  Union  Stockyards.  Present  and 
future  irrigation  water  use  in  the  study  area. 

Tanner,  N.S.,  Harwood,  North  Dakota. 

Harwood  well  withdrawal  and  wastewater  lagoon  discharge  records. 

Tareski,  Val,  Reile's  Acres,  North  Dakota. 

General  information  pertaining  to  water  supply  and  wastewater  systems  in  Reile's 
Acres . 

Thomas,  Lonnie,  Minnesota  Department  of  Natural  Resources. 

Discussed  present  and  future  irrigation  water  use  in  the  study  area. 

Tourville,  Elaine,  Minnesota  Department  of  Natural  Resources. 

Water  permit  information  for  Minnesota  water  users  in  the  study  area. 

PUBLICATIONS 

Minnesota  Department  of  Health,  "An  Assessment  of  Minnesota  Municipal  Water 
Systems  for  Conservation  Potential,"  March  1981. 

Souris-Red-Rainy  River  Basins  Commission,  "Souris-Red-Rainy  River  Basins 
Comprehensive  Study,"  1972. 
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U.S.  Army  Corps  of  Engineers,  St.  Paul  District,  "Fargo-Moorhead  Social  and 
Environmental  Inventory,"  February  1981. 

U.S.  Army  Corps  of  Engineers,  St.  Paul  District,  "Grand  Forks  -  East  Grand  Forks 
Urban  Water  Resources  Study,  Water  Supply  Appendix,"  July  1981. 


TABLE  4 


Summary  of  Personal  Contacts 
by  Community,  Industry,  or  Organization 


Community,  Industry, 
or  Organization 

Contact 

Address 

Te lephone 

American  Crystal 

Sugar 

Mr,  Ira  Fordyce, 

Manager,  Environmental 
Control 

101  North  Third  Street 
Moorhead,  MN  56560 

(218) 

236-4492 

Argus vi lie,  ND 

Mrs.  Gerald  Hanson, 
Auditor 

P.O.  Box  104 

Argusville,  ND  58005 

(701  ) 

484-5308 

Briarwood,  ND 

Ms.  Sharon  Mark, 

Audi  tor 

22  Briarwood  Place 

Fargo,  ND  58103 

(701  ) 

237-5861 

Busch  Agricultural 
Resources 

Mr.  John  Brussman, 

Vice  President  of 

Malt  Operations 

Busch  Agricultural  Res. 

1  Busch  Place 

St.  Louis,  MO  63118 

(314) 

577-2486 

Cargill  Sunflower 
Plant 

Mr.  Rod  Christianson, 
Assistant  Plant 

Supe rintendent 

250-7th  Avenue  N.E. 
Riverside,  ND  58078 

(701  ) 

282-8807 

Cass-Clay 

Creamery 

Mr.  Art  Beckman, 

Product  General 

Manager 

200  North  20th  Street 

Fargo,  ND  58105 

(701  ) 

293-6455 

1 

i 

Cass  Rural  Water 
Users  Association 

Mr.  Victor  Ertmann, 
Manager 

131  Maple  Street 

Kindred,  ND  58051 

(701  ) 

428-3139 

Dilworth,  MN 

Mr.  Gary  Cowden, 

City  Clerk 

Box  1 8  7 

Dilworth,  MN  56529 

(218) 

287-2313 

Fargo,  ND 

Mr.  Kenneth  Ruby, 
Director  of 

Water  Facilities 

Box  1 066 

Fargo,  ND  58107 

(701  ) 

241-1 470 

Frontier,  ND 

Ms.  LaVerne  Nelson, 
Auditor 

Rural  Route  1 

Fargo,  ND  58103 

(701  ) 

235-4192 

Glyndon,  MN 

Mr.  Lloyd  Olson, 

City  Clerk 

Rural  Route  2,  Box  40B 
Glyndon,  MN  56547 

(218) 

498-2578 

Harwood ,  ND 

Dr.  N.S.  Tanner 

Room  210,  Sudro  Hall 

N.D.  State  University 
Fargo,  ND  58105 

(701  ) 

237-7604 

Horace,  ND 

Mr.  Gerald  Saude, 

Audi  tor 

Box  641 

Horace,  ND  58047 

(701  ) 

293-4487 

TABLE  4  (continued) 


Community,  Industry, 
or  Organization 


Kragnes ,  MN 


Maple ton,  ND 


Minnesota  Department 
of  Natural  Resources 


Minnesota  Pollution 
Control  Agency 

Moore 

Engineering,  Inc. 
Moorhead,  MN 


Moorhead  Power 
Plant 

North  Dakota  State 
Department  of  Health 


North  Dakota  State 
Water  Commission 

North  River,  ND 


Prairie  Rose,  ND 


Reile's  Acres,  ND 


Contact 

Ms.  Amy  Larson, 
Audi  tor 


Mr.  Thomas  Posey, 
Audi  tor 

Mr.  Dale  Matzke 
Ms.  Elaine  Tourville 


Mr.  Lonnie  Thomas 


Mr.  Mike  Siverhus 


Mr.  Jeff  Block 


Mr.  Clifford  McClain 


Mr.  Frank  Peloubet 


Mr.  James  Holm 


Ms.  Sheila  McClenathan 


Mr.  Michael  L.  Smith, 
Hydrologist 

Ms.  Donna  Conway, 
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WATER  SUPPLY /CONSERVATION  INVESTIGATIONS  FOR  THE 
FARGO-MOORHEAD  URBAN  STUDY  AREA, 

NORTH  DAKOTA  AND  MINNESOTA 

PHASE  1,  PART  2:  LOW-FLOW  ANALYSES 

I .  SUMMARY 

The  need  for  an  accurate  assessment  of  future  water  supply  and 
demand  for  the  Fargo-Moorhead  area  (see  Figure  1)  has  prompted  the 
present  study.  This  portion  of  the  study  focuses  on  surface  water 
resources.  Its  objectives  are  a  statistical  description  of 
streamflows  (water  supply)  and  a  comparison  with  water  demands. 
Demands  for  the  study  area  were  developed  in  the  "Phase  1, 

Part  1:  Water  Demand  Projections"  report  (March  1982). 1  The 
streamflow  statistics  are  based  on  output  developed  by  the 
St.  Paul  District  of  the  Corps  of  Engineers  from  the  Hydrologic 
Engineering  Center  HEC-3  computer  program.  For  two  small  streams, 
monthly  streamflows  were  derived  from  regional  correlations  using 
the  HEC-4  computer  program.  Partial  duration  analyses  were 
performed  on  monthly  streamflow  data  for  10  potential  supply 
points  in  the  study  area.  The  results  were  used  to  generate 
nonsequential  mass  curves  (frequency-mass  curves)  of  water  supply, 
and  these  were  compared  with  average  annual  demands  for  alternative 
water  supply  schemes. 

Two  sets  of  analyses  are  presented.  The  first  reflects  year  2030 
water  demands.  Based  on  statistics  for  a  50-year  recurrence 
interval  drought,  year  2030  demands  are  predicted  to  exceed 
surface  water  supplies  in  the  study  area.  The  total  additional 
storage  required  to  balance  supplies  and  demands  is  in  the  range 
of  2,000  to  2,500  acre-feet  for  the  best  alternative  supply 


schemes.  Because  of  the  substantial  excess  of  projected  demands 
over  surface  water  supplies,  the  second  set  of  analyses  is  based 
on  actual  year  1980  demands.  Water  shortages  are  again  predicted 
for  50-year  drought  conditions  if  all  1980  demands  were  to  be  met 
with  surface  water  supplies.  The  total  additional  storage  needed 
in  this  case  is  in  the  1,000  to  1,200  acre-foot  range  for  the  best 
supply  schemes.  Within  the  study  area,  minimum  in-stream  flow 
requirements  set  in  1972  for  the  Red  and  Sheyenne  Rivers  are  7  and 
3  cubic  feet  per  second  (cfs),  respectively.  Of  the  total 
additional  storage  needs,  the  in-stream  flow  requirements 
generally  accounty  for  55  to  60  percent  in  the  year  2030  case  and 
25  to  40  percent  for  1980. 

Plow  rate  comparisons  (based  on  7-day  low  strearaflows  and  average 
demands)  show  total  shortages  of  32  cfs  for  the  best  schemes  in 
the  2030  case  and  21  cfs  for  the  best  schemes  in  1980.  Of  these 
totals,  the  minimum  in-stream  flow  requirements  account  for 
7  cfs  for  the  Red  River  in  both  cases,  and  for  the  Sheyenne  River, 
2.5  to  3  cfs  for  2030  and  1  to  3  cfs  for  1980.  For  a  100-year 
recurrence  Interval  drought,  the  additional  storage  volumes  and 
flow  shortages  are  generally  within  10  percent  of  the  50-year 
recurrence  interval  results. 

In  1984,  the  City  of  Fargo  completed  the  "Sheyenne  pipeline," 
connecting  the  Sheyenne  River  directly  to  the  Fargo  water  treatment 
plant.  This  pipeline  is  designed  to  replace  the  "Sheyenne  diversion 
an  open  ditch  that  was  previously  used  to  transfer  water  indirectly 


from  the  Sheyenne  River  to  Fargo  via  the  Red  River.  The  pipeline  has 
the  same  capacity  (approximately  25  cfs)  as  the  maximum  diversion  used 
formerly  and  will  be  operated  in  the  same  manner. 

The  analyses  discussed  in  the  body  of  this  report  utilize  streamflow 
data  that  include  the  effects  of  the  Sheyenne  diversion.  The  recent 
construction  of  the  Sheyenne  pipeline  will  reduce  flows  in  the  Red 
River  of  Fargo.  Low-flow  frequency  curves  for  the  Red  River  at  Fargo 
that  display  the  effect  of  the  Sheyenne  pipeline  were  subsequently 
developed.  Curves  for  year  1980  and  year  2030  conditions  are  included 
in  Appendix  A,  along  with  the  supporting  partial  duration  analyses 
data. 

The  purpose  of  this  portion  of  the  study  is  to  determine  whether  the 
area's  surface  water  supplies  are  capable  of  meeting  water  demands. 

The  manner  in  which  water  is  acquired  from  the  Sheyenne  River  does  not 
affect  conclusions  in  this  phase  of  the  study.  In  later  phases,  the 
effect  of  the  Sheyenne  pipeline  is  considered. 

The  low-flow  analyses  lead  to  the  conclusion  that  total  reliance 
on  surface  waters  in  the  Fargo-Moorhead  study  area  would  carry  a 
real  danger  of  water  shortages  under  present  demand  conditions. 

This  danger  increases  substantially  over  the  next  50  years. 

Careful  regional  planning  of  water  supply  is  therefore  warranted 
for  this  area.  Planning  must  consider  all  possible  water  sources, 
including  groundwater,  the  Garrison  Diversion,  and  additional 
reservoir  storage,  as  well  as  existing  surface  water  and  other 
supplies.  Demand  reduction  must  also  be  considered. 


II.  NEEDS  AND  OBJECTIVES 

The  present  water  supply/conservation  investigations  for  the 
Fargo-Moorhead  urban  study  area  comprise  a  broad-view,  three-phase 
study  of  the  area's  future  water  supply  options.  The  study  is 
avoiding  preconceived  notions  based  on  existing  facilities  and  is 
evaluating  all  reasonable  alternative  water  sources  and  supply 
systems . 

The  objective  in  Phase  1  is  to  consider  whether  the  area's  surface 
waters  could  meet  the  area's  water  demands  and,  if  not,  the  amount 
of  demand  reduction  and/or  supplemental  supply  needed. 
Specifically,  Phase  1  aims  to  determine  whether  flows  in  selected 
study  area  rivers  —  the  Red  River  of  the  North,  Sheyenne  River, 
Maple  River,  Buffalo  River,  and  South  Branch  Buffalo  River  —  are 
adequate  to  meet  anticipated  water  supply  demands  during  a  severe 
drought  in  the  1980-^2030  planning  period.  Part  1  of  Phase  1 
projected  water  demands  for  the  planning  period  for  industries, 
agricultural  interests,  and  the  18  municipalities  in  the  study 
areas.  Part  2,  the  portion  of  the  study  reported  on  here, 
includes  river  low-flow  analyses  and  comparisons  between  supply 
and  demand. 

Phase  2  will  involve  development  of  more  detailed,  disaggregated 
water  demand  projections  for  the  study  area  and  evaluation  of 
alternative  raw  water  sources  and  water  treatment/distribution 
systems.  Phase  3  will  focus  on  water  conservation  and  drought 
contingency  measures. 


III.  PROCEDURES 


Introduction 

The  various  methods  for  comparing  water  supply  and  demand  have  in 
common  the  utilization  of  mass  curves.  In  hydrologic  analysis,  a 
mass  curve  is  a  graph  of  accumulated  flow  (i.e.,  time-integral  of 
flow)  versus  time.  The  vertical  scale  measures  volumes,  so  the 
conventional  name  "mass  curve"  is  imprecise.  The  curves  provide 
determinations  of  storage  volumes  needed  for  drought  periods. 

Three  methods  are  available  for  supply/demand  comparisons  and 
storage  determinations.  The  earliest  method,  the  Plow-Mass  Curve 
analysis, 2  uses  a  mass  curve  based  directly  on  a  historical 
streamflow  record.  The  demand  of  interest  is  represented  by  a 
straight  line  whose  slope  equals  the  demand  in  flow  units.  Demand 
"curves"  (lines)  are  drawn  tangent  to  the  supply  mass  curve  at 
relative  high  points  and  extended  forward  in  time  until 
intersecting  the  supply  curve.  In  each  case,  the  maximum 
divergence  between  the  supply  and  demand  lines  —  measured  as  a 
vertical  line  —  represents  the  storage  needed  for  a 
corresponding  drought  period.  In  usual  applications,  the  largest 
storage  volume  determined  from  the  historical  record  is  used  as  a 
basis  for  reservoir  design. 

The  Frequency,  or  Nonsequential,  Mass  Curve  analysis  is  a 
probabilistic  method. 3  ^  A  drought  with  a  certain  recurrence 
interval  (Inversely  related  to  its  probability  of  occurrence)  is 
represented  by  a  synthetic  supply  mass  curve.  This  mass  curve  is 
derived  from  low-flow  frequency  curves  giving  the  average 


streamflow  far  droughts  of  various  durations  and  probabilities 
(frequencies)  of  occurrence.  Statistical  analysis  of  the 
historical  streamflow  record  yields  the  low-flow  frequency  curves. 
The  supply  mass  curve  is  then  synthesized  by  assuming  that  the  low 
flows  of  various  durations  (7-day,  14-day,  1-month,  2-month,  etc.) 
are  equal  to  the  average  streamflow  during  the  corresponding 
initial  periods  of  the  drought.  This  procedure  tends  to  maximize 
the  upward  concavity  of  the  supply  mass  curve.  As  in  the  first 
method  of  analysis,  the  average  demand  is  represented  as  a 
straight  line  of  certain  slope.  However,  there  is  only  one  demand 
line,  and  it  intersects  the  origin  of  the  graph.  Where  the  demand 
line  is  higher  than  the  supply  curve,  the  maximum  vertical 
difference  again  determines  the  storage  requirement. 

The  third  method,  the  Storage  Def iciency-Prequency-Mass  Curve 
analysis, 5  6  l3  also  probabilistic.  In  this  method,  the  storage 
volumes  (deficiencies)  are  determined  from  the  historical  flow 
mass  curve.  Just  as  in  the  Plow-Mass  Curve  method.  But  rather 
than  simply  selecting  the  largest  storage  volume,  the  various 
storage  volumes  are  ranked  and  statistically  analyzed.  The  result 
is  a  storage  deficiency-frequency  curve,  from  which  one  can  read 
the  storage  needed  for  any  desired  drought  frequency  or  recurrence 
interval. 

The  more  recent  probabilistic  methods  are  preferrable  for  studies  t 
such  as  the  present  one,  since  rational  planning  and 
decision-making  require  the  assignment  of  definite  recurrence 


intervals.  Of  the  two  probabilistic  methods,  the  Storage 
Deficiency  method  has  the  advantage  of  allowing  the  incorporation 
of  seasonal  demand  variation,  although  this  adds  complexity  and 
cost  to  the  analysis.  The  Frequency-Mass  Curve  analysis  is  widely 
used  and  accepted  and  can  be  performed  using  existing,  well-tested 
computer  programs.  For  these  reasons,  the  Frequency-Mass  Curve 
method  is  the  procedure  selected  for  this  study. 

Strearaflow  Records 

Ten  potential  supply  points  were  analyzed,  as  shown  schematically 
in  Figure  2.  For  eight  of  these  points,  the  streamflow  record  is 
derived  from  output  of  the  Hydrologic  Engineering  Center  HEC-3 
computer  program,  "Reservoir  System  Analysis  for  Conservation" . 7 
The  HEC-3  model  takes  actual  historical  streamflow  records  and 
makes  adjustments  to  account  for  reservoir  operation,  diversions, 
withdrawals  for  water  supply  and  other  purposes,  and  return  flows. 
It  is  based  on  monthly  average  streamflow  values. 

Dam  and  reservoir  construction  during  the  historical  period  of 
streamflow  record  in  the  present  study  is  a  primary  reason  for 
using  the  HEC-3  model;  the  model  can  simulate  streamflows  which 
would  have  occurred  if  the  reservoirs  had  been  operated  throughout 
the  whole  period  of  record.  This  type  of  adjustment  is  necessary 
to  produce  a  homogeneous  streamflow  record  for  analysis.  In 
addition,  the  HEC-3  model  can  simulate  conditions  with  projected 
future  demands  and  return  flows  superimposed  on  the  homogeneous 
historical  record.  Such  simulations  also  incorporate  rules  for 
reservoir  operation. 


•  POTENTIAL  SUPPUT  POINT 

■HEC-3  CONTROL  POINT  ANO 
POTENTIAL  SUPPUT  POINT 

□  HEC-3  CONTROL  POINT 


FIGURE  2:  Schematic  of  HEC-3  Control  Points  and 
Potential  Supply  Points 


The  HEC-3  output  used  for  the  eight  supply  points  in  this  analysis 
reflects  upstream  reservoir  operation,  the  diversion  of  25  cfs 
from  the  Sheyenne  to  the  Red  River  during  peirods  of  insufficient 
flow  in  the  Red  and  other  effects  under  specified  demand 
conditions.  The  HEC-3  modeling  work  was  performed  in  1976-77  by 
the  St.  Paul  District  of  the  Corps  of  Engineers. 

The  eight  streamflow  records  were  derived  from  output  data  for 
four  HEC-3  control  points  (see  Figure  2).  For  this  purpose, 
further  adjustments  were  made  to  the  HEC-3  output  to  account  for 
intervening  withdrawals  and  return  flows.  These  further 
adjustments  reflect  newly  developed  demands  and  return  flows.1 
Minor  Inconsistencies  result  because  reservoir  operation  in  the 
HEC-3  simulation  was  bas*'*  on  projections  developed  in  1976-77  by 
the  Corps  of  Engineers.  However,  the  newly  developed  demands  are 
considered  more  accurate  because  they  use  populaton  data  and 
other  relevant  Information  available  as  recently  as  March  1982. 

The  HEC-3  data  adjustments  are  detailed  in  Appendix  B.  Data 
adjustments  required  for  later  analyses  considering  the  effect  of 
the  Sheyenne  pipeline  on  Red  River  flows  are  described  in  Appendix  A. 

The  period  of  record  used  in  the  HEC-3  simulations  is  October  1929 
to  September  1976.  This  47-year  period  includes  the  severe 
drought  of  the  1930’s,  believed  to  be  a  very  rare  event.  There 
will  be  more  discussion  of  this  below. 

The  two  remaining  potential  supply  points  are  on  small, 
unregulated  tributaries  not  included  in  the  HEC-3  simulations 
(Maple  River  at  Mapleton  and  South  Branch  Buffalo  River  at  Sabin). 
Streamflow  measurements  at  these  points  begain  in  the 
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mid-1940's.  The  records  were  completed  for  the  47-year  period 
through  regional  correlations,  using  the  Hydrologic  Engineering 
Center  HEC-4  computer  program,  "Monthly  Streamflow  Simulations".® 

The  program  statistically  analyzes  monthly  flow  records  of  streams 
in  a  given  region.  It  produces  initial  correlation  coefficients 
for  pairs  of  stream  gaging  stations,  with  values  ranging  between 
+1.0  (denoting  perfect  correlation  --  essentially,  a  proportionality 
between  two  flow  records)  and  -1.0  (for  perfect  negative 
correlation).  The  value  0.0  indicates  no  correlation  whatsoever, 
or  complete  independence  of  the  flows.  Initial  correlations 
provide  guidance  in  selecting  stations  for  the  next  step  of 
analysis,  the  reconstitution  of  streamflow  records.  In  analyzing 
a  regional  set  of  stations,  the  HEC-4  program  reconstitutes,  or 
estimates,  monthly  streamflow  values  for  all  missing  data  in  the 
station  records.  All  records  are  completed  for  the  period 
beginning  with  the  earliest  measured  flow  (considering  all  the 
stations)  and  ending  with  the  latest  measured  flow.  The  estimates 
are  based  on  the  statistical  relationships  among  the  station  flow 
records . 

After  examining  the  characteristics  of  all  the  records  of 
U.S.  Geological  Survey  gaging  stations  in  the  upper  watershed  of 
the  Red  River  of  the  North  (3orae  28  stations),  data  were  obtained 
for  11  stations  for  purposes  of  initial  correlations.  One  of 
these  stations  was  discarded  because  of  a  preponderance  of  zero 
flows  (the  drainage  area  was  only  a  few  square  miles).  Initial 
correlations  were  run  with  the  remaining  stations,  as  tabulated 
in  Appendix  B. 
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Reconstitution  of  streamflows  for  the  South  Branch  Buffalo  River 


at  Sabin  then  proceeded  in  two  steps:  (1)  records  for  the  Wild 
Rice  (Minnesota)  and  Buffalo  Rivers  were  used  to  extend  the  South 
Branch  Buffalo  River's  record  back  through  August  1930,  and 
(2)  the  final  extension  (through  October  1929)  was  accomplished 
with  the  Red  River  at  Fargo  record.  To  avoid  adverse  impacts  on 
correlations  from  regulation  by  Orwell  Dam,  records  more  recent 
than  February  1953  were  excluded  for  the  Red  River. 

A  similar  procedure  was  followed  for  the  Maple  River  at  Mapleton: 
(1)  the  record  was  extended  back  through  April  1931  and  forward 
through  the  water  year  1976  using  the  Wild  Rice  (North  Dakota), 
Maple  (at  Enderlin)  and  Goose  Rivers,  and  (2)  the  earliest  part  of 
the  record  was  completed  using  the  Sheyenne  River  at  West  Fargo. 
The  Sheyenne  River  record  after  July  1949  was  excluded  to  avoid 
regulation  by  the  Baldhill  Dam. 

Partial  Duration  Analyses 

Partial  duration  analyses  were  performed  for  the  10  potential 
supply  points  for  low-flow  durations  of  7  days,  14  days,  1  month, 

2  months,  3  months,  4  months,  6  months,  9  months,  12  months, 

2  years,  4  years,  and  8  years.  In  a  partial  duration  analysis, 
the  streamflow  record  is  examined  to  determine  the  lowest  average 
flow  of  a  given  duration,  followed  by  the  second  lowest  average 
flow  of  the  duration,  then  the  third  lowest,  and  so  on.  A 
statistical  formula  relates  the  rank  and  record  length  to  each 
flow's  probability  (expressed  as  either  an  exceedence  frequency  or 
recurrence  interval).  The  results  are  plotted,  and  smooth  curves 
for  each  duration  are  drawn  through  the  data  points. 


In  this  study.  Beard's  Method^  was  used  to  analyze  durations  of 
1  month  and  greater.  This  method  selects  events  without  regard  to 
calendar  year  and  in  such  way  as  to  insure  the  independence  of 
all  events  with  a  given  duration  (i.e.,  no  overlap  is  allowed). 
After  the  low-flow  events  are  selected  and  ranked,  the  rank  1 
( lowest-f low)  event  is  assigned  the  exceedence  frequency  ?  defined 
by: 

P  -  1  -  (.5)^  (1) 

in  which: 

N  *  effective  record  length  in  years. 

(For  example,  a  47-year  record  being  analyzed  for  9-month  duration 
low  flows  has  an  effective  record  length  of  47  years  minus  8 
months,  or  N  *  46.33  years,  because  of  the  nonoverlapping 
constraint.)  For  other  ranks,  exceedence  frequencies  PP  are 
linearly  interpolated  according  to: 

PP  -  P  +  (AR)  (_££)  (2) 

Where: 

AR  *  rank  number  minus  1; 

AP  *  ( .5)  _  pj  ancj 

AI  -  N-l . 

The  exceedence  frequencies  P  and  PP  in  equations  (1)  and  (2)  are 
computed  as  decimal  fractions,  and  in  this  form  the  corresponding 
recurrence  interval  in  years  is  simply  the  inverse  of  the  frequency 

The  Hydrologic  Engineering  Center  computer  program  "Partial 
Duration  -  Independent  Low  Flow  Events "10  was  used  for  analyzing 
durations  greater  than  1  month.  An  exactly  analogous  computer 


program  was  developed  to  analyze  1-month  durations.  Durations  of 
7  and  14  days  required  a  different  approach,  since  monthly  (not 
daily)  streamflows  constituted  the  basic  input  data  for  the 
analyses . 

To  investigate  7-  and  14-day  low  flows,  daily  streamflows  obtained 
for  the  regional  correlations  (see  above)  were  used  to  determine 
ratios  between  monthly  low  flows  and  the  shorter  duration  low 
flows  within  each  month.  The  ranges  of  monthly  low  flows  used  in 
determining  the  ratios  were  restricted  on  the  basis  of  the  partial 
duration  analysis  results  for  1-month  durations  for  each  river. 

For  example,  the  1-month  low  flows  for  the  Buffalo  River  at 
Dilworth  range  from  zero  to  approximately  5  cfs  (see  Figure  11). 
Therefore,  monthly  flows  in  this  range  were  used  to  determine  the 
ratios.  Similarly,  1-month  low  flows  for  the  Sheyenne  River 
generally  range  below  10  cfs  (see  Figures  3-5),  so  this  was  the 
range  used  for  the  Sheyenne.  The  20  lowest-flow  months  of  record 
were  used  in  computing  the  ratios  for  the  Buffalo  and  Sheyenne 
Rivers,  as  these  approximated  the  above  ranges.  (A  few  months 
were  excluded  because  of  zero  monthly  flow  or  because  all  daily 
flows  were  artificially  reported  as  being  exactly  equal  to  the 
average  flow  for  the  month.) 

The  Red  River  exhibits  a  much  wider  range  of  1-month  low  flows, 
approximately  5-40  cf3  (see  Figures  7-10),  necessitating  a 
different  approach.  To  cover  the  flow-range  of  interest,  the  70 
lowest-flow  months  of  record  (after  excluding  15  months  with  zero 
flow)  were  required.  A  graphical  analysis  revealed  a  trend  in  the 
sought-after  ratios,  with  the  ratios  increasing  as  monthly  flow 


increased.  Accordingly,  the  flow-range  was  subdivided.  The  divisions 
were  selected  to  yield  fairly  constant  ratios  over  each  subrange  of  flow. 

The  ratios  resulting  from  this  analysis  follow: 


River 

Red 

Sheyenne 

Buffalo 

South  Branch 
Buffalo 

Maple 


_ Ratio  of  Low  Flows _ 

Range  of  Plows  7-day : 1 -month  1  M-day : 1 -month 


<12.00  cfs  .099  .314 

12.01  to  36.06  cfs  .575  .739 

>36.07  cfs  .781  .858 

All  flows  of  interest  .715  .793 

All  flows  of  interest  .605  .655 


All  1-month  and  7-  and  14-day  low  flows  of  interest 
are  zero. 

All  1-month  and  7-  and  1 4-day  low  flows  of  interest 
are  zero. 


The  7-  and  14-day  low  flows  for  the  10  potential  supply  points 
were  determined  by  applying  the  above  ratios  to  the  1-month 

I 

duration -low  flows  found  by  Beard's  Method.  The  frequency 
recurrence  interval  determined  for  each  1-month  flow  were  assigned 
to  the  corresponding  shorter  duration  flows. 

ft 

Appendix  C  contains  tabulated  results  of  the  partial  duration 
analyses.  The  results  appear  in  graphical  form  in  Figures  3-12 
and  47-54,  Low-Flow  Frequency  Curves.  (Appendix  A  contains 
Figures  A-l  and  A-2,  Low-Flow  Frequency  Curves  for  the  Red  River  at 
Fargo  with  the  Sheyenne  Pipeline.  It  also  includes  tabulated  results 
'  of  the  respective  partial  duration  analyses.)  In  the  graphs,  the 
horizontal  scale  (recurrence  interval)  is  defined  according  to  the 
Gumbel  probability  distribution,  as  described  by  Chow.H 
Figures  3-12  and  47-54  reflect  graphical  smoothing  of  the  computed 

» ~ 

data  points.  They  also  reflect  two  further  adjustments. 
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First,  as  previously  mentioned,  the  period  of  record  analyzed 
includes  the  severe  1930 's  drought.  Investigations  of  this 
drought  indicate  a  large  recurrence  interval  for  it.  The 
U.S.  Geological  Survey  found  that  the  Red  River  low  flows  of  the 
1930 's  probably  have  not  been  matched  in  severity  for  at  least 
150  years. 12  The  Corps  of  Engineers  has  performed  a  simulation 
analysis  of  Red  River  flows,  concluding  that  a  recurrence  interval 
of  200  years  is  reasonable  and  should  be  assigned  to  the  minimum 
flows  of  the  1930's.  By  contrast,  the  partial  duration  analyses 
gave  computed  recurrence  Intervals  of  57-68  years.  Therefore,  the 
low-flow  frequency  curves  were  adjusted  accordingly. 


Finally,  the  longer  duration  (2-  to  8-year)  low  flows  required 
adjustment  because  of  the  short  period  of  record  relative  to  their 
durations.  With  a  relatively  short  record,  the  analytical 
procedure  (Beard's  Method)  sometimes  gives  low  flows  for  the 
longer  durations  which  exceed  the  average  streamflow  for  the 
period  of  record.  The  curve  adjustment  procedure  used  for  the 
longer  duration  flows  is  described  in  the  report  entitled, 

Kansas  Streamflow  Characteristics,  Part  4,  Requirements  to  Sustain 
Gross  Reservoir  Outflow. 13 

Mass  Curves 

Frequency-mass  curves  were  developed  for  drought  flows  of  20- ,  50- , 
and  100-year  recurrence  intervals.  The  procedure  for  a  given 
supply  point  is  to  read  flow  values  from  the  family  of  low-flow 
frequency  curves  (refer  to  any  of  Figures  3-12)  along  the  vertical 
line  of  the  desired  recurrence  interval.  The  flow  values  are 


converted  to  mass  equivalents  (i.e.,  volumes  or  cumulative  flows) 
by  multiplying  with  the  corresponding  duration,  expressed  in 
days.  The  frequency-mass  curve  is  then  a  plot  of  the  resulting 
mass  values  (in  mixed  units  of  cfs-days)  versus  time 
(corresponding  durations). 

Frequency-mass  curves  were  produced  for  the  10  potential  supply 
points  and  for  various  combinations  of  points .  To  combine  two 
points,  the  flows  of  identical  duration  and  recurrence  interval 
were  added  and  the  masses  then  computed  by  multiplying  with  the 
durations.  As  a  check,  the  masses  of  identical  duration  and 
recurrence  interval  (previously  computed  for  the  individual 
points)  were  also  added  to  obtain  the  same  results. 

This  procedure  for  combining  supply  points  is  inherently 
conservative.  It  assumes  that  a  drought  of  given  severity 
(as  measured  by  recurrence  interval)  occurs  simultaneously  in 
different  streams.  In  reality,  this  is  unlikely.  For  example, 
the  Buffalo  River  could  have  moderate  streamflow  during  a  severe 
drought  in,  say,  the  Sheyenne  River. 

Another  way  of  stating  the  assumption  is  to  say  that  streamflows 
throughout  the  study  area  are  100  percent  dependent  on  one 
another.  An  indication  of  the  actual  degree  of  dependence  is 
given  by  the  results  of  the  regional  correlations  performed  as 
part  of  this  study  (see  Appendix  B).  These  results  show 
correlation  coefficients  typically  in  the  range  .5  to  .8,  compared 
with  1.0  for  100  percent  dependence.  Thus,  the  assumption  used  in 
combining  control  points  appears  to  be  both  reasonable  and 


conservative. 


Figures  13—46  and  55-88  show  the  resulting  mass  curves  for  the 
year  2030  and  year  1980  analyses,  respectively.  Demand  curves  in 
the  figures  are  straight  lines  representing  projected  2030  or 
actual  1980  average  annual  demands,  including  municipal, 
industrial,  and  agricultural  uses.1  Demands  in  certain  cases  also 
include  minimum  in-stream  flow  requirements,  as  discussed  in  the 
next  section. 

Observations  on  Procedures 

The  procedures  used  in  this  study  are  largely  the  same  as  those 
used  and  discussed  in  the  July  1981  Grand  Forks  -  East  Grand  Forks 
Urban  Water  Resources  Study  appendix  entitled,  "Stage  3  Low-Flow 
Frequency  Analysis" . 1 ^  The  evaluation  of  procedures  presented 
there  (pages  14-16)  applies  to  the  present  study  as  well.  In 
particular,  it  is  noteworthy  that  a  10-percent  safety  margin  is 
appropriate  for  storage  requirements  determined  by  Frequency-Mass 
Curve  analysis,  because  of  a  reported  bias  toward  underestimation.' 
All  storage  volumes  in  the  present  study  were  increased  by  10 
percent  for  this  reason. 
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IV.  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 
Two  low-flow  analyses  are  reported  here.  The  first  analysis  assumes 
projected  year  2030  water  demands.  The  second  reflects  water  demands  for 
1980.  The  water  demands  used  in  the  analyses  are  those  which  were 
developed  in  Phase  1,  Part  1  of  the  present  study.  They  reflect  the  best 
information  available  as  of  late  1982. 

As  previously  discussed,  the  monthly  streamflow  data  used  in  the  analyses 
were  derived  from  historic  flow  records.  The  derived  data  records  assume 
the  current  operating  plans  for  Lake  Ashtabula  (at  Baldhill  Dam)  and 
Orwell  Reservoir  were  maintained  throughout  the  period  of  record  (October 
1929  through  September  1976).  The  two  reservoirs  were  actually 
constructed  in  the  early  1940 's  and  early  1950's,  respectively. 

The  low-flow  analyses  for  the  Red  River  at  Fargo  reflect  operation  of  the 
Sheyenne  diversion  to  the  Red  River  rather  than  the  newly  completed 
Sheyenne  pipeline.  Prior  to  1984,  the- normal  operation  was  to  divert  25 
cfs  from  the  Sheyenne  to  the  Red  during  periods  when  Red  River  flow  was 
less  than  or  equal  to  10  cfs  below  Fargo-Moorhead.  The  diversion  was  a 
3hort  distance  upstream  from  the  water  intakes  of  Fargo  and  Moorhead. 
Low-flow  frequency  curves  reflecting  Sheyenne  pipeline  operation  are 
presented  in  Appendix  A;  however,  further  analyses  using  these  results  were 
not  undertaken.  The  manner  in  which  water  is  acquired  from  the  Sheyenne 
does  not  affect  conclusions  in  this  phase  of  the  study. 

Supply/demand  imbalances  were  examined  in  two  ways.  First,  additional 
storage  volumes  needed  to  balance  supply  and  demand  were  determined  from 
the  mass  curves.  The  procedures  for  this  have  been  described  previously. 
Note  that  the  present  analysis  does  not  account  for  evaporation  from  new 
reservoirs  built  to  meet  additional  storage  needs. 
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Second,  flow  rates  were  compared  to  determine  demand  reductions  or 
additional  flows  needed  to  balance  supply  and  demand. 
Theoretically,  supply  and  demand  exactly  balance  when  the  demand 
mass  curve  (a  straight  line  in  this  analysis)  is  tangent  to  the 
supply  mass  curve  at  the  origin.  However,  since  the  supply  mass 
curve  is  a  hand-fitted  curve  through  discrete  points  (the  origin 
plus  points  at  7  days,  14  days,  1  month,  and  so  on),  fitting  a 
tangent  line  at  the  origin  is  not  an  objective  procedure.  An 
objective  and  practical  approach  in  the  present  context  is  to 
consider  supply  and  demand  to  balance  when  the  demand  line  passes 
through  the  7-day  point  of  the  supply  mass  curve.  (In  this  case, 
the  demand  line  cuts  a  secant  which  approximates  the  theoretical 
tangent  to  the  supply  mass  curve.)  This  is  equivalent  to  saying 
that  the  demand  Just  equals  the  7-day  low  flow.  Thus,  "flow 
shortages"  were  developed  on  this  basis  as  differences  between 
7-day  low  streamflows  and  average  demands.  The  flow  shortages 
could  be  considered  to  represent  either  demand  reductions  or 
additional  flows  needed.  The  flow  rate  comparisons,  since  they 
rely  solely  on  7-day  low-flows,  are  more  conservative  than  the 
storage  determinations. 

The  1972  report,  "Souris-Red-Rainy  River  Basins  Comprehensive 
Study". 15  established  minimum  in-stream  flow  requirements  of  7  cfs 
for  the  Red  River  below  Fargo-Moorhead  and  3  cfs  for  the  Sheyenne 
River  below  West  Fargo.  These  were  established  "to  provide  a 
safety  factor  for  the  water  needs  analysis  and  insure  that  some 
minimal  river  flow  is  maintained  below  each  withdrawal  point." 


For  this  reason,  supply/demand  imbalances  specifically  resulting 
from  the  in-stream  flow  requirements  were  examined  for  the  Red  and 
Sheyenne  Rivers. 

A  single  critical  supply  point  was  selected  on  each  river  for  this 
analysis.  The  critical  points  were  identified  as  the  Red  River 
at  Fargo-Moorhead  and  the  Sheyenne  River  at  West  Fargo,  the  two 
major  withdrawal  points  in  the  study  area.  Measures  taken  to 
insure  in-stream  flows  here  would  also  satisfy  in-stream  needs 
at  other  points  downstream. 

In  order  to  investigate  in  detail  the  relationships  between 
supplies  and  demands  in  the  study  area,  11  alternative  supply/ 
demand  configurations  were  defined.  These  are  shown  in 
Table  1  -  Assignment  of  Community  Demands  for  Alternatives 
Studied.  The  first  three  alternatives  rely  completely  on 
individual  supply  points.  The  last  alternative  is  the  most 
extreme  regional  case.  The  remaining  ones  have  various  degrees  of 
regionalization. 

In  the  following  subsections,  the  results  of  the  low-flow  analyses 
for  3tudy  years  2030  and  1980  are  presented  and  compared. 

Year  2030  Results 

The  low-flow  analyses  reported  here  assume  projected  year  2030 
water  demands,  as  developed  in  Phase  1,  Part  1  of  the  present 
study.  The  demands  total  approximately  46  cubic  feet  per  second 
(cfs)  for  the  study  area.  Projections  developed  by  the  Corps  in 
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1976-77  totaled  55  cfs,  based  on  a  larger  year  2030  population 
estimate  for  Fargo.  The  Phase  1,  Part  1  projections  are  used  here 
because  they  reflect  the  best  information  available  as  of  late 
1982. 

Table  2  lists  the  year  2030  average  annual  water  demands 
corresponding  to  the  11  alternative  supply/demand  configurations 
studied.  (Refer  to  Table  1  -  Assignment  of  Community  Demands  for 
Alternatives  Studied.)  The  demands  include  all  municipal, 
industrial,  irrigation,  and  livestock  water  use.  However,  the 
only  demands  "moved"  in  the  analysis  of  alternatives  are  municipal 
demands  (including  municipally  served  industries). 

The  results  of  the  partial  duration  analyses  appear  in 
Figures  3-12  -  Low-Flow  Frequency  Curves.  Figures  3-12  are 
identified  as  corresponding  to  the  year  2030  because  for  each 
point  they  reflect  upstream  water  demands,  return  flows,  and 
reservoir  and  diversion  operation  for  year  2030  conditions.  The 
curves  depict  discharge-frequency  relationships  for  low-flow 
events  of  various  durations.  For  example,  the  curves  show  that 
the  3-month  low  flows  at  the  50-year  recurrence  interval  are  less 
than  36  cfs  in  the  Red  River  at  Fargo,  less  than  10  cfs  in  the 
Sheyenne  River  at  West  Fargo,  less  than  2  cfs  in  the  Buffalo  River 
at  Dilworth,  and  zero  in  the  Maple  and  South  3ranch  Buffalo 
Rivers.  These  total  less  than  48  cfs  of  available  supply.  The 
total  for  7-day  low  flows  is  less  than  25  cfs.  Thus,  with  year 
2030  demands,  substantial  water  shortages  could  occur  if  the  study 
area  relied  completely  on  surface  water  supplies  with  the  existing 
reservoirs . 
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Figures  13—46  present  mass  curves  of  water  supply,  derived  from 
the  low-flow  frequency  curves,  along  with  supply/demand 
comparisons  for  the  alternatives  defined  above.  The  shape  of  the 
mass  supply  curves  is  generally  concave  upward.  Curves  for  the 
Red  River  at  Fargo  have  a  somewhat  anomalous  curvature,  however, 
near  the  1-month  duration.  This  appears  to  be  an  effect  of  the 
Sheyenne  diversion,  which  operates  only  during  low-flow  periods. 

Two  supply/demand  comparisons  are  shown  for  some  supply  points  on 
the  Red  and  Sheyenne  Rivers.  One  assumes  no  minimum  in-stream 
flow  requirement,  and  the  other  includes  the  specified  requirement 
(7  cfs  for  the  Red,  3  cfs  for  the  Sheyenne)  in  the  demand  line. 

The  minimum  in-stream  flow  requirements  will  be  discussed 
subsequently. 

Figures  13—34  indicate  the  additional  storage  volumes  needed  to 
balance  supply  and  demand  without  considering  in-stream  flow 
requirements.  Tables  3  and  4  are  compilations  of  these  results 
for  droughts  of  50-year  and  100-year  recurrence  intervals. 

Flow  shortages  (defined  as  differences  between  7-day  low 
streamflows  and  average  water  demands)  are  shown  in  Tables  5  and  6. 
Again,  these  do  not  reflect  in-stream  flow  requirements .  The  flow 
shortages  represent  either  demand  reductions  or  additional  flows 
needed. 

Table  7  summarizes  the  additional  storage  needs  from  Tables  3 
and  4  (column  totals).  Alternatives  8-10  have  the  smallest 
additional  storage  needs,  ranging  from  940-980  acre-feet 
(50-year  recurrence  interval).  These  alternatives  take  advantage 
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of  local  in-flows  between  the  upstream  study  area  boundary  and  the 
major  withdrawal  points  (Pargo-Moorhead  and  West  Fargo)  by 
regionalizing  the  supply  points  where  the  major  withdrawals  occur. 
Storage  needs  based  on  100-year  recurrence  interval  results  are 
within  15  percent  of  the  50-year  values.  The  present  analysis 
does  not  account  for  evaporation  from  new  reservoirs  to  meet 
additional  storage  needs;  evaporation  would  cause  some  increase  in 
actual  storage  requirements. 

Table  8  summarizes  needed  demand  reductions  or  additional  flows 
(l.e.,  flow  shortages)  from  Tables  5  and  6.  There  i3  almost  no 
variation  in  the  totals  for  alternatives  1-10,  the  flow  shortage 
being  approximately  22  cfs  in  all  cases.  The  regional  case 
(alternative  11)  has  a  flow  shortage  nearly  twice  as  large 
(43  cfs),  however,  because  it  assumes  supply  only  near  the 
upstream  boundary  of  the  study  area. 

As  previously  noted,  minimum  in-stream  flow  requirements  of  7  cfs 
for  the  Red  River  and  3  cfs  for  the  Sheyenne  River  within  the 
present  study  area  were  established  in  1972.  Prom  all  the 
analysis  above,  none  of  the  Sheyenne  River's  individual  supply 
points  requires  additional  storage  or  flows  for  water  supply 
purposes  alone.  However,  when  the  minimum  in-stream  flow 
requirements  are  considered,  water  shortages  occur  at  supply 
points  on  both  the  Red  and  Sheyenne  Rivers. 


Summary  of  Demand  Heductions  or  Additional  Plows  Needed  for  Water  Supply  -  Year  203U 


The  critical  supply  points  identified  for  analysis  In  this  regard 
are  the  Red  River  at  Pargo-Moorhead  and  the  Sheyenne  River  at  West 
Fargo,  the  two  major  withdrawal  points  in  the  study  area. 

Table  9  shows  the  additional  storage  needed  (apart  from  storage 
for  water  supply,  as  previously  given  in  Tables  3  and  4)  to  meet 
minimum  in-stream  flow  requirements.  These  results  are  based  on 
the  two  critical  points  mentioned,  except  in  the  case  of 
alternative  11.  This  alternative  uses  only  the  most  upstream 
supply  points  (Rustad  on  the  Red  and  Horace  on  the  Sheyenne 
River),  so  these  are  the  basis  for  the  storage  needs  in  this  case. 
The  results  in  Table  9  were  derived  from  Figures  35-46  (in  which 
the  demand  lines  include  the  in-stream  flow  requirements)  by 
subtracting  the  storage  volumes  previously  determined  for  water 
supply  only.  Storage  in  excess  of  1,000  acre-feet  is  needed  in 
most  alternatives.  And  again,  this  is  strictly  for  in-stream 
flows,  not  for  water  supply. 

Table  10  gives  the  shortages  due  to  in-stream  requirements  in 
terms  of  flow  rates.  As  before  (Tables  5  and  6),  the  7-day  low 
flows  are  the  basis  for  the  flow  shortages.  The  total  shortages 
are  10  cfs,  or  nearly  so,  in  all  cases. 

Tables  11  and  12  summarize  the  results  of  the  suppy/demand 
comparisons  for  year  2030  demands  and  existing  reservoir  and 
diversion  operation.  In  terms  of  storage  (Table  11), 
alternatives  8-10  have  the  smallest  additional  needs.  These 
generally  range  from  2,000-2,500  acre-feet,  of  which  minimum 
in-stream  flow  requirements  account  for  55-60  percent.  Storage 
needs  for  the  100-year  recurrence  interval  are  generally  within 
10  percent  of  the  50-year  needs. 
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Deinaixi  K eductions  or  Additional  Plows  (cfs)  Needed  to  Meet  Minimum  In-Stream  Plows  -  Year  20S0 


* ‘jO-year  recurrence  Interval  drouglit 
**lUU-yeur  recurrence  interval  drought 


Summary  of  Total  Demand  Heduction  or  Additional  Plow  Needs  -  Year  2030 


The  three  least-storage  alternatives  regionalize  the  demands 
from  Fargo,  Moorhead,  Prairie  Rose,  West  Fargo,  Riverside  and 
Mapleton  and  regionalize  supplies  from  the  Red  River  at  Fargo, 

Sheyenne  River  at  West  Fargo,  and  Maple  River  at  Mapleton 
(see  Table  1 ) . 

In  terms  of  flow  rate  (Table  12)  the  alternatives  are 
indistinguishable  except  for  the  regional  alternative  11,  which 
requires  two-thirds  again  as  much  flow  as  the  others.  The  total 
demand  reduction  or  additional  flow  needed  is  approximately  32  cfs 
for  alternatives  1-10.  One-third  of  this  is  for  in-stream  flow 
requirements.  The  flow  shortages  are  practically  the  same  for  the 
50-year  and  100-year  recurrence  intervals. 

Year  1980  Results 

The  low-flow  analyses  discussed  here  are  based  on  actual  year  1980 
water  demands,  as  developed  In  Phase  1,  Part  1  of  the  present 
study.  Their  annual  average  total  for  the  study  area  is  approximately 
29  cfs.  This  Is  about  2  cfs  higher  than  the  study  area  total 
which  was  projected  by  the  Corps  In  1976-77  for  the  year  1980. 

The  potential  of  surface  water  to  satisfy  the  demands  of  the  study 
l  area  was  evaluated  by  considering  the  same  11  alternatives 

previously  considered  (Table  1  -  Assignment  of  Community  Demands 
for  Alternatives  Studied).  Table  13  lists  the  year  1980  average 
l  annual  water  demands  corresponding  to  the  alternatives  listed 

in  Table  1.  Again,  the  demands  Include  all  municipal,  industrial, 
irrigation,  and  livestock  water  use.  However,  the  only  demands 
j  "moved"  in  the  analysis  of  alternatives  are  municipal  demands 

(including  municipally  served  industries). 
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Average  Anrual  Demands  (cubic  feet  per  second)  for  Year  lybu 


buffalo  at  Dilworth 
+  Slieyenne  at  West 
l''aigo 


Supply/Demand  Alternative 


The  results  of  the  partial  duration  analyses  for  the  year  1980 
case  are  displayed  in  Figures  47-54  -  Low-Flow  Frequency  Curves. 
The  figures  are  similar  to  Figures  3-5  and  7-11  for  the  year  2030 
case.  (For  the  Maple  River  at  Mapleton  and  the  South  Branch 
Buffalo  River  at  Sabin,  Figures  6  and  12,  respectively,  show 
results  applicable  for  both  the  2030  and  1980  cases.) 

Generally,  the  streamflows  plotted  in  the  low-flow  frequency 
curves  might  be  expected  to  be  higher  for  the  year  1980  case 
because  of  smaller  water  withdrawals  upstream  of  the  study  area. 

In  fact,  the  mean  monthly  flows,  shown  at  the  tops  of  Figures  3-12 
and  47-54,  bear  this  out.  The  mean  flows  for  the  1980  case  are 
greater  than  those  for  2030  at  all  supply  points  along  the  Red 
River,  and  are  greater  than  or  equal  to  those  for  2030  at  all 
other  supply  points .  The  mean  flows  reflect  the  total  mass  or 
volume  of  water  discharged  over  the  47-year  period  of  analysis. 
Thus,  the  comparison  of  mean  flows  shows  the  effects  of  smaller 
upstream  withdrawals  in  the  1980  case. 

For  certain  supply  points,  however,  comparison  of  low  streamflows 
of  short  duration  seems  to  contradict  the  above.  The  Sheyenne 
River  at  Horace  and  at  West  Fargo,  and  the  Red  River  at  Fargo  and 
at  North  River  all  have  low-flow  frequency  curves  for  durations  of 
2  months  or  less  which  are  higher  for  the  2030  case  than  for  1980, 
at  least  at  some  recurrence  intervals. 

The  apparent  contradiction  is  the  result  of  streamflow  regulation 
during  drought  periods.  The  demands  at  Fargo-Moorhead  and  at  West 
Fargo  are  greater  for  the  year  2030  (approximately  37  cfs  and 


4.3  cfs,  respectively)  than  for  the  year  1980  (approximately 
23  cfs  and  2.5  cfs,  respectively).  Reservoir  and  diversion 
operation  therefore  is  such  as  to  ensure  flows  at  Fargo-Moorhead 
and  at  West  Fargo,  during  the  most  extreme  droughts,  which  are 
higher  for  the  2030  case  than  for  1980. 

It  is  primarily  the  operation  of  Baldhill  Dam,  on  the  Sheyenne 
River,  and  of  the  Sheyenne  diversion  to  the  Red  River  which 
affects  the  West  Fargo,  Fargo,  and  North  River  supply  points. 
Baldhill  Dam  operation  also  affects  the  Sheyenne  River  supply 
point  at  Horace. 

Operation  of  Orwell  dam,  with  a  much  smaller  reservoir,  has 
relatively  little  effect  on  the  downstream  Red  River  supply 
points.  This  is  evidenced  by  the  low-flow  frequency  curves  for 
Rustad  and  Briarwood.  These  Red  River  supply  points  are  above  the 
diversion  from  the  Sheyenne  River,  and  their  low-flow  frequency 
curves  do  not  show  the  apparent  anomaly  noted  for  the  Fargo  and 
North  River  supply  points,  located  below  the  diversion. 

The  low-flow  frequency  curves  in  Figures  47-54  Indicate  that 
surface  waters,  if  totally  relied  upon  at  present,  would  be 
inadequate  for  supply  under  drought  conditions.  For  example, 
the  streamflows  of  the  Red  River  at  Fargo,  Sheyenne  River  at 
We3t  Fargo,  Buffalo  River,  South  Branch  Buffalo  River,  and  Maple 
River  total  less  than  18  cfs  under  50-year,  7-day  low-flow 
conditions . 
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Figures  55-88  present  year  1980  mass  curves  and  supply-demand 
comparisons  for  the  11  alternatives.  The  figures  Indicate  the 
additional  storage  volumes  needed  to  balance  supply  and  demand. 

As  in  the  year  2030  case,  two  comparisons  are  shown  for  some 
supply  points  on  the  Red  and  Sheyenne  Rivers.  One  asusraes  no 
minimum  in-stream  flow  requirement,  and  the  other  includes  the 
minimum  requirement  in  the  demand  line.  The  storage  volumes 
determined  from  Figures  55-88  for  the  50-year  and  100-year 
recurrence  intervals  are  compiled  in  Tables  14  and  15.  The 
results  in  these  tables  do  not  reflect  in-stream  flow 
requirements . 

Tables  16  and  17  present  supply/demand  imbalances  in  terms  of 
demand  reductions  or  additional  flows  needed.  As  before,  these 
flow  shortages  represent  differences  between  7-day  low  streamflows 
and  demands.  The  values  in  Tables  16  and  17  do  not  reflect 
in-stream  flow  requirements. 

Table  18  summarizes  the  addiitonal  storage  needs  from  Tables  14 
and  15.  Alternatives  8-10  have  the  smallest  additional  storage 
needs,  ranging  from  620  to  635  acre-feet  (50-year  recurrence 
interval).  These  alternatives  reduce  the  required  maximum  storage 
by  regionalizing  water . supplies  and  demands.  Streamflows  in 
excess  of  any  regional  withdrawal  point's  monthly  demand  are 
pooled  and  used  to  avert  shortages  at  other  interconnected 
communities  within  the  region.  Storage  needs  based  on  100-year 
recurrence  interval  results  are  within  10  percent  of  the  50-year 
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Summary  of  Additional  Storage  Needed  for  Water  Supply  -  Year  lybO 


Table  19  summarizes  the  flow  shortages  from  Tables  16  and  17. 
Alternatives  4-6  and  8-10  have  the  least  shortage,  11.1  cfs. 

The  most  extensive  regional  case,  alternative  11,  has  a  shortage 
of  1 8 . 8  cfs.  The  remaining  cases  all  have  shortages  of 
approximately  13  cfs. 

Minimum  in-stream  flow  requirements  for  the  Red  and  Sheyenne 
Rivers  are  reflected  in  Table  20,  which  lists  additional  storage 
needed  for  in-stream  flows  (apart  from  storage  for  water  supply). 
In  most  cases,  storage  between  275  and  400  acre-feet  is  required. 
The  notable  exception  is  alternative  11,  which  requires 
approximately  1,300  acre-feet.  A  greater  storage  is  needed 
because  in  this  alternative  all  demands  are  placed  only  on  the 
smaller  water  supplies  available  at  the  upstream  boundary  of  the 
study  area. 

Table  21  gives  the  flow  shortages  due  to  in-stream  requirements, 
based  on  7-day  low  flows.  In  four  alternatives,  1-3  and  7,  the 
Sheyenne  River  has  approximately  2  cfs  of  river  flow  remaining 
after  meeting  water  supply  needs.  Thus,  the  flow  shortages  due  to 
in-stream  requirements  are  about  8  cfs  for  these  alternatives. 

All  remaining  alternatives  include  the  entire  10-cfs  minimum  flow 
in  their  flow  shortages. 

Tables  22  and  23  summarize  the  results  of  the  supply/demand 
comparisons  for  year  1980  demands  and  existing  reservoir  and 
diversion  operation.  In  terms  of  storage  volumes  (Table  22), 
the  total  additional  needs  generally  range  from  1,000-1,200 
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Summary  of  Demand  Reductions  or  Additional  tflows  Needed 
for  Water  Supply  -  Year  lydO 
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Summary  of  Total  Additional  Storage  Needs  -  Year  lybO 


Summary  of  Total  Demand  Reduction  or  Additional  Plow  Needs  -  Year  lybO 


acre-feet,  with  in-stream  flow  requirements  accounting  for  20-40 
percent.  Storage  needs  for  the  100-year  recurrence  interval  are 
generally  within  10  percent  of  the  50-year  needs.  Exceptions  to 
the  above  are  alternatives  2  and  11,  which  have  storage  needs 
twice  as  great  as  the  others  and  other  differences. 

In  terms  of  flow  rate  (Table  23),  alternatives  1-10  have  the  same 
total  flow  shortage,  approximately  21  cfs.  The  regional 
alternative  11  has  nearly  twice  as  large  a  shortage.  Minimum 
in-stream  flow  requirements  account  for  8-10  cfs  in  all  cases. 
There  is  little  difference  between  the  50-year  and  100-year 
recurrence  interval  flow  shortages. 

Conclusions  and  Recommendation 

Study  area  water  demands  for  both  2030  and  1980  are  predicted  to 
exceed  available  surface  water  supplies,  based  on  a  50-year 
recurrence  Interval  drought.  For  the  best  alternative  supply 
schemes,  the  total  additional  storage  required  to  balance  supplies 
and  demands  Is  in  the  range  of  2,000  to  2,500  acre-feet  for  the 
year  2030  case  and  1,000  to  1,200  acre-feet  for  1980.  The 
minimum  In-stream  flow  requirements  for  the  Red  and  Sheyenne 
Rivers  account  for  large  portions  of  the  total  storage  needs  — 
generally  55  to  60  percent  for  the  year  2030  and  20  to  40  percent 
for  the  year  1980  case. 

Flow  rate  comparisons,  based  on  7-day  low  strearaflows  and  average 
demands,  show  total  shortages  of  32  cfs  for  the  best  schemes  in 
the  2030  case  and  21  cfs  for  the  best  schemes  in  1980.  These 
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totals  include  fully  10  cfs  for  in-stream  flow  requirements  in  the 
2030  case  and  8  to  10  cfs  for  these  requirements  in  the  1980 
case.  Plow  shortages  and  additional  storage  volumes  for  a 
100-year  recurrence  interval  drought  are  generally  within  10 
percent  of  the  50-year  results. 

In  all,  11  alternative  supply/demand  schemes  are  evaluated.  Two 
of  the  alternatives  yield  much  greater  total  storage  needs  and 
flow  shortages  than  the  ether  nine,  which  give  generally  similar 
results.  Typical  of  the  latter  are  the  alternative  1  results 
depicted  in  Figures  89  and  90. 

For  1980,  large  storages  needed  on  the  South  Branch  Buffalo  River 
at  Sabin  dominate  many  of  the  alternatives  studied.  It  should  be 
noted  that  the  demands  accounted  for  here  are  mostly  agricultural. 
Irrigation  plus  livestock  demands  exceed  11  cfs  during  July- 
September.  Groundwater  supplies  meet  most  of  these  demands  at 
present.  Therefore,  the  1980  study  area  water  shortages  developed 
here  on  the  basis  of  100-percent  surface  water  use  do  not  reflect 
present  conditions.  Also,  though  the  urban  areas  are  the  focus  of 
this  study,  rural  (i.e.,  agricultural)  water  use  is  a  major  factor 
necessarily  considered. 

The  1980  water  shortages  on  the  Red  and  Sheyenne  Rivers  are 
somewhat  overestimated  because  of  the  small  inconsistency  between 
demands  used  in  the  HEC-3  model  analysis  (performed  in  1976-77) 
and  the  actual  1980  demands  used  in  the  present  study.  The  HEC-3 
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analysis  reflects  study  area  demands  totaling  27  cfs.  The 
resulting  streamflow  records  were  used  in  the  present  study,  but 
here  actual  demands  totaling  approximately  29  cfs  were  imposed. 

The  operation  of  upstream  reservoirs  feeding  the  Red  and  Sheyenre 
Rivers  is  tied  to  study  area  demands  in  the  HEC-3  analysis. 
Consequently,  modeled  streamflows  at  times  are  insufficient  for 
the  actual  demands  Imposed.  But  it  is  apparent  that  the 
reservoirs  would  be  capable  of  releasing  more  water  if  the  actual 
demands  were  used  in  the  HEC-3  model. 

The  evidence  for  the  above  conclusion  is  in  the  low-flow  frequency 
curves  for  the  Sheyenne  River  at  West  Fargo  and  the  Red  River  at 
Fargo.  (See  Figures  4  and  9  for  the  year  2030  case  and 
Figures  48  and  52  for  1980.)  As  previously  discussed,  the  low 
flows  of  shorter  duration  and  longer  recurrence  interval  (lower 
right  portion  of  the  figures)  are  generally  higher  for  the  2030 
case  than  for  1980  at  these  supply  points.  This  reflects 
reservoir  releases  during  extreme  drought  periods  which  are 
larger  in  the  year  2030  case,  to  meet  the  larger  projected 
demands.  This  supports  the  conclusion  that  the  reservoirs  could 
release  more  water  for  the  1980  case  if  the  HEC-3  model  were 
consistent  with  actual  1980  demands. 

Despite  probable  overestimation  of  water  shortages  for  the  year 
1980  case,  total  reliance  on  surface  waters  in  .the  Fargo-Moorhead 
study  area  would  carry  a  real  danger  of  water  shortages.  An 
indication  of  this  is  the  finding  that  study  area  flow  shortages 
are  comparable  to  or  greater  than  present  (1980)  groundwater  use. 
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Plow  shortages  based  on  7-day,  50-year  low  streamflows  total  at 
least  11  cfs  for  water  supply  only  and  at  least  21  cfs  considering 
minimum  in-stream  flows.  (See  Table  23.)  Average  annual 
groundwater  use  in  the  study  area  is  roughly  10  cfs  at  present. 

In  light  of  the  conclusions  above,  it  is  recommended  that  careful 
investigation  and  regional  planning  of  water  supply  in  the 
study  area  be  completed.  The  present  broad-view,  three-phase 
study  has  this  as  its  aim. 
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FIGURES  3-88 


KiUKK  4:  Low-Flow  Frequency  Curves,  Sheyenne  River  at  West  Fargo  -  Year  2030  Case 


FIGURE  5:  Low-Plow  Frequency  Curves,  Sheyenne  River  at  Reile's  Acres  -  Year  20 jO  Case 
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F I G U H bl  7:  Low-Plow  Frequency  Curves,  Red  River  at  Rustad  -  Year  2030  Case 
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KKiUHli  10:  Low-Plow  Prequency  Curves,  Red  River  at  North 


RECURRENCE  INTERVAL  (YEARS) 


FIGURE  13:  Mass  Curves  for  the  Sheyenne  River  at  Horace (Alternatives  1-10) 
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IGURE  14:  Mass  Curves  for  the  Sheyenne  River  at  West  Fargo (Alternatives 


FIGURE  15:  Mass  Curves  for  the  Sheyenne  River  at  Reile's  Acres (Alternatives  1-10) 
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FIGURE  16:  Mass  Curves  for  the  Maple  River  at  Mapleton (Alternatives 


FIGURE  17:  Mass  Curves  for  the  Red  River  at  Rustad (Alternatives  1-10 
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FIGURE  18:  Mass  Curves  for  the  Red  River  at  Briarwood (Alternatives  1-10) 
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FIGURE  20:  Mass  Curves  for  the  Red  River  at  North  River (Alternatives  1-10) 


FIGURE  21:  Mass  Curves  for  the  Buffalo  River  at  Dilworth (Alternatives 
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FIGURE  22:  Mass  Curves  for  the  South  Branch  Buffalo  River  at  Sabin 
(Alternatives  1-10) 
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FIGURE  23:  Mass  Curves  for  the  Red  River  at  Fargo (Alternative  2) 


FIGURE  24:  Mass  Curves  for  the  Buffalo  River  at  Dilworth (Alternative  2) 
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KIUURli  2b:  Mass  Curves  for  the  Red  River  at  Fargo  (Alternatives  5  and  7) 
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Curves  for  the  Buffalo  River  at  Dilworth  (A lternatives  i ,  4,  7  and 


FIGURE  27:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo  and  Sheyenne 
River  West  Fargo (Alternative  4) 


FIGURE  28:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Sheyenne  River 
at  West  Fargo,  and  Buffalo  River (Alternative  5) 


FIGURE  29:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo  and  Sheyenne 
River  at  West  Fargo.(Alternative  6) 


FIGURE  30:  Mass  Curves  for  the  Sum  of  the  Sheyenne  River  at  West  Fargo  and 
Maple  River (Alternative  7) 


IGURE  32:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Sheyenne  River 
at  West  Fargo,  and  Buffalo  and  Maple  Rivers (Alternative  9) 


»#• 


FIGURE  33:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Sheyenne  River 
at  West  Fargo,  and  Maple  River (Alternative  10) 
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FIGURE  35:  Mass  Curves  for  the  Sheyenne  River  at  West  Fargo (Alternatives 
Minimum  In-Stream  Flow  Considered) 
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Minimum  In-Stream  Plow  Considered) 


FIGURE  42:  Mass  Curves  for  the  Sum  of  the  Sheyenne  River  at  West  Fargo  and 
Maple  River  (Alternative  7?  Minimum  In-Strecim  Flow  Considered) 
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FIGURE  43:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Sheyenne  River 
at  West  Fargo,  and  Maple  River (Alternative  8;  Minimum  In-Stream 
Flows  Considered) 
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Frequency  Curves,  Sheyenne  River  at  West  h'ar^o  -  Year  lybu  Case 


FLUURL  !>0:  Low-Plow  Frequency  Curves,  Red  River  at  Hus  tad  -  Year  lybO  case 
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FIGURE  51:  Low-Flow  Frequency  Curves,  Red  River  at  Briarwood  -  Year  lybu  Case 


OOI 


NOTE:  This  figure  is  a  graphical  presentation  of  data  considering  the  effect  of  the 
Sheyenne  diversion.  The  counterpart  to  this  figure,  considering  the  recently 
completed  Sheyenne  pipeline  is  included  in  Appendix  A. 
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muiJKh;  yj>:  Mass  Curves  for  the  Sheyenne  Hiver  at  Horace  (Alternatives 
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KltilJKti  b'( :  Mass  Curves  for  the  Sheyenne  Hiver  at  Reile’s  Acres  (Alternatives  1-10) 
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b'lUUHli  60:  Mass  Curves 
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KiliUKli  63:  Maas  Curves  for  the  Buffalo  River  at  Dilworth  (Alternatives 
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FIGURE  bb:  Mass  Curves  for  the  Red  River  at  Fargo  (Alternative  2) 
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FIGUHli  6b:  Mass  Curves  for  the  Buffalo  River  at  Dilworth  (Alternatives 


KIUUKli  69:  Mass  Curves  for  the  Sum  of  the  Ked  River  at  Fargo  and  Sheyenne  River  at 
West  Fargo  (Alternative  H) 


FiUUKli  71:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo  and  Sheyenne  River 
at  West  Fargo  (Alternative  6) 
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FIUURii  72 :  Mass  Curves  for  the  Sum  of  the  Sheyenne  Kiver  at  West  Fargo  and 
Maple  River  (Alternative  7) 


ISMI 


MMHHmmiall 

■bbb^bbbbi  i 

iBBBBWg^BBBBBBBBHBBBBBW 

■BBRMjSB^BBBBBBBiaHH^BH 

— — EB^BBBBpi—— 

ffipiiii  '  mi 

IHHHBBBBBaifflg«Bf3giBBBI1£IB 

n^i^OBBBKBBBVBBWBBBBGHB 
■KBEWBKBBBBBKKMBBBBMiaB 
BfclEEaBBSIBBBBBBBilBBBBIiaB 

B^klBBBBBBBBBKKSBBBniflB 

!^Si!!!!iaiK^Bu^i 

BKEEBEPlBBBBMlBWytmnaiB 

BBBBBliyBBBBf  BBBMBB— ■ 
BBBBBBaBBBBKaBBgWlBMM 
BBBHUBBBBH»IBBB»Vff  BBB 

irilBBBBI^IBBBUkVJ^H 

^■iliuiiiB  wv:vh 


!BI:f»«w 

■irEfW 

wamm  i 


ieiii 

\mm 

iui.ii 

mm 

IF1EJI 


IN 

IBM 


O 


h’lUUHb;  73:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Sheyenne  River 
at  West  Fargo,  and  Maple  River  (Alternative  b) 
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FIUURli  74:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Cheyenne  River 
at  West  Fargo,  and  Buffalo  and  Maple  Rivers  (Alternative  y) 


KIliUHli  7t>:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo,  Sheyenne  River 
at  West  Fargo  and  Maple  River  (Alternative  10) 


l'-lUUHU  76:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Rustad,  Sheyenne  Rivet 
at  Horace,  and  Buffalo  and  Maple  Rivers  (Alternative  11) 


IUUHb)  77:  Mass  Curves  for  the  Sheyenne  River  at  West  Fargo  (Alternatives 
Minimum  In-Stream  Flow  Considered) 


KICiUHli  78:  Mass  Curves  for  the  Red  River  at  Fargo  (Alternative 
Minimum  In-Stream  Flow  Considered) 
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FIUURF  80:  Mass  Curves  Tor  the  Red  River  at  Fargo  (Alternative 
Minimum  In-Stream  Flow  Considered) 


JVIUUHli  81:  Mass  Curves  for  the  Surn  of  the  Ked  Kiver  at  Fargo  and 
Sheyenne  River  at  West  Fargo  (Alternat ive  ; 

Minimum  In-Stream  Flows  Considered) 


FIUURli  b2:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo, 
Sheyenne  River  West  Fargo  and  Buffalo  River 
(Alternative  t>;  Minimum  In-Stream  Flows  Considered) 
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FIUURIi  b3:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo 
and  Sheyenne  River  at  West  Fargo  (Alternative  6; 
Minimum  In-Stream  Plows  Considered) 
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FIUURfc;  :  Mass  Curves  for  the  Sum  of  the  Sheyenne  Hiver  at 

West  Fargo  and  Maple  River  (Alternative  7;  Minimum 
In-Stream  Flow  Considered) 


FIGURE  b5:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo, 
Sheyenne  River  at  West  Fargo,  and  Maple  River 
(Alternative  8;  Minimum  In-Stream  Flows  Considered) 
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KItiU Kti  bb:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Fargo, 

Sheyenne  River  at  West  Fargo,  and  Buffalo  and  Maple 
Rivers  (Alternative  9;  Minimum  In-Stream  Flows  Considered) 
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FIGURE  til:  Mass  Curves  for  the  Sum  of  the  Red  Hiv^r  at  Fargo, 
Sheyenne  River  at  West  Fargo,  and  Maple  River 
(Alternative  10;  Minimum  In-Stream  Flows  Considered) 


KlUUUli  bb:  Mass  Curves  for  the  Sum  of  the  Red  River  at  Kustad, 

Sheyenne  River  at  Horace,  and  Buffalo  and  Maple  Rivera 
(Alternative  11;  Minimum  In-Stream  Flows  Considered) 


FARGO-MOORHEAD  URBAN  STUDY 
WATER  SUPPLY 

PHASE  1,  PART  2,  APPENDIX  A 

LOW-FLOW  FREQUENCY  CURVES 
FOR  THE  RED  RIVER  OF  THE  NORTH  AT  FARGO 
WITH  THE  SHEYENNE  PIPELINE 


APPENDIX  A 


LOW -PLOW  FREQUENCY  CURVES  FOR  THE  RED  RIVER  AT  FARGO 
WITH  THE  SHEYENNE  PIPELINE 

Two  new  sets  of  low-flow  frequency  curves  were  established  for  the 
Red  River  at  Fargo  with  the  Sheyenne  pipeline  in  operation.  These 
sets  represent  year  1980  and  year  2030  demand  conditions.  New  flow 
data  were  developed  by  revising  pre-existing  data  for  the  Red  River 
at  Fargo  with  the  Sheyenne  diversion.  The  pre-existing  data  include 
the  HEC-3  adjustments  outlined  in  Appendix  B. 

Forty-seven  years  of  historical  monthly  flows  for  the  Red  River  at 
Fargo  were  examined.  Whenever  it  was  determined  that  25  cfs  was  diverted 
from  the  Sheyenne  to  the  Red  River,  the  HEC-3  adjusted  Red  River 
flows  were  reduced  by  that  amount.  Partial  duration  analyses  were 
then  performed  on  these  revised  data.  Tabulated  versions  of  the 
partial  duration  results  are  included  in  this  appendix. 

Figures  A-l  and  A-2,  Low-Flow  Frequency  Curves  for  the  Red  River  at 
Fargo  with  the  Sheyenne  pipeline,  are  graphical  representations  of 
the  results  of  these  analyses  for  year  1980  and  year  2030 
conditions.  Under  both  conditions,  7-day  low  flows  at  longer 
recurrence  intervals  fall  below  10  cfs.  Due  to  the  method  of 
reservoir  operation  in  the  HEC-3  model,  the  year  2030  flows  more 
accurately  reflect  future  streamflows.  Under  year  2030  conditions, 
there  is  a  two  percent  chance  in  any  year  that  Red  River  flows  could 
average  less  than  7  cfs  for  more  than  one  month.  The  corresponding 
50-year,  7-day  low  flow  is  below  1  cfs. 


I  iqure  A- 1  :  Low-Flow  Frequency  Curves,  Red  River  at  Farqo  With  the  Sheyenne 
Pipeline  -  Year  1980  Case 
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1  1 934 

1 

.  31 

6 

17651. 

43.7 

12.  12 

3.2 

2  1936 

1 

.  15 

H- 

7 

19747. 

54.5 

14.25 

7 . 0 

1  1941 

1 

.  0 1 

B 

3 

21075. 

58.2 

16.38 

6.  1 

1  1932 

.39 

9 

23067. 

63.7 

18.51 

5.4 

1  1931 

.  79 

•  10 

29105. 

80.3 

20.  64 

4.8 

1  1939 

.69 

1  1 

308 1 3 . 

85.  1 

22.77 

4.4 

2  i  970 

.  6  1 

12 

32805. 

90.6 

24.90 

4 . 0 

2  1938 

.  53 

■ 

13 

37557 . 

103.7 

27 . 02 

3. 7 

1  1962 

.  45 

1 

14 

44457 . 

122.  7 

29.  15 

3.4 

2  1971 

,  33 

13 

45966. 

126.9 

31.28 

3 .  2 

3  1957 

.  31 

\\ 

16 

49209. 

135.  a 

33.41 

3 . 0 

1  1942 

»  25 

■.*- 

17 

51460. 

142.1 

35.54 

2.8 

2  1949 

.  i  9 

■„% 

1.3 

54056 . 

149.2 

37.  67 

2.  7 

2  1950 

.  13 

19 

54623. 

150.8 

39.80 

6.5 

6  1933 

.  OS 

■ 

20 

6220  7. 

1  7  L  .7 

4  l .  93 

2.  4 

2  1961 

.  03 

21 

62267. 

171.9 

44 . 06 

2  4.  •-« 

2  1 968 

.... 

.  ‘•-■3 

63286 . 

1  /  4 / 

46.  19 

-  2 

3  19. -5 

- 

.. 1  ?8 

•V 

.V.f 

66929 . 

184.8 

48.31 

2.  1 

7  1 9  3 1 

.... 

.  13 

\€- 

24 

69693. 

192.4 

50.  44 

2  „  0 

2  1951 

- 

«  .1  / 

A- 7 


(continued) 


E.-.RS  < RECORD >  MONTHS  DURmTIUN  IN  MONTHS 

4 "  0  9 

FI- EL  FIVE  YEARS 
46  *  33 


NUMBER 

VOLUME 

RATE 

EXCEED 

F-  LCUR 

END  I N6 

AC --FT 

CFS 

r-REQ 

I  NT 

Of- 

-i  t  "E 

20838 - 

38 . 4 

1 . 48 

O  .  w  21 

1  933 

2  1 34  1 . 

39.3 

3 . 63 

2  / .  6 

2 

1  933 

:> 

21763. 

40.  1 

3 .  7  7 

1  7  .  3 

1937 

4 

30190. 

rrev  e 

J  -J  .  O 

7.91 

12.6 

4 

1934 

r*'i 

39051 . 

71.9 

1 0 . 05 

1  0 . 0 

T, 

1940 

6 

47141  . 

86.8 

12.  19 

8.2 

ji 

1932 

48690 . 

89.6 

14. 33 

7 . 0 

1936 

8 

50294. 

92.6 

16.47 

6.  1 

4 

1931 

Q 

55451 . 

1 02 .  1 

18.61 

5.  4 

1941 

1 0 

85749. 

121. 0 

20 . 75 

4.  a 

4 

1933 

i  1 

72437. 

133.3 

22.89 

4.  4 

3 

1962 

12 

74409. 

136.9 

25 . 03 

4 . 0 

1939 

13 

86263. 

158.8 

27.  17 

3.7 

1942 

14 

98579. 

181.4 

29.31 

3.4 

71 

1949 

15 

109157. 

200.  9 

31.45 

3 . 2 

4 

1961 

16 

1 1 1 136. 

204.5 

33.59 

3 .  0 

1 9-70 

1  7 

1 1 1 740. 

205.6 

35.73 

2. 8 

"T 

1957 

1.8 

128162. 

235.9 

37.37 

2.6 

.‘j 

1 965 

1 9 

128718. 

236.9 

40. 01 

2.5 

4 

1959 

20 

1 30650 . 

240.4 

42.  15 

2 . 4 

4 

1968 

.21 

131466. 

242.0 

44 . 29 

2.3 

5 

1 97 1 

137097. 

252. 3 

46.  43 

•-> 

1 964 

~'T- 

154923. 

285.  1 

48.57 

2.  1 

6 

1  930 

2  4 

1355.1 1  . 

236.2 

50 .  7 1 

2 . 0 

T 

1  '960 

(continued) 


•  *  RECORD '  MONTHS  DURA  FI  ON  IN  MON  I  HS 

I  ...  L  2 

EFFECTIVE  YEARS 
46 ..  OS 


JH8ER 

vOLUME 

RATE 

EXCEED 

RECUR 

El  L 

HNG 

AC -FT 

CFS 

FREG 

CUT 

OA  TE 

GUN GEL 

i. 

42603 . 

58.  8 

1 . 49 

/  .  '•  > 

2 

1  9  35 

2  ..  2 

2 

4 7554 . 

65 6 

3 . 6  4 

2  7 ,  4 

1 9  3  3 

L  .  1 

3 

69349 . 

9fj .  7 

5 .  SO 

1  7 . 3 

1 937 

1 .  ■/  5 

4 

87038. 

120.  1 

7.  95 

12.6 

4  - 
JL  XL 

1 93 1 

1 . 49 

5 

96999. 

133.  9 

10.  10 

9.  9 

.Jl 

1 936 

1 . 30 

6 

97422. 

1 34 . 5 

12.25 

3.2 

7 

1940 

1.14 

7 

115051. 

158.  3 

14.40 

6. 9 

1 1 

1938 

1  .  oO 

3 

131533. 

131.6 

16.56 

6. 0 

1962 

.  88 

9 

151999. 

209 .  B 

18.71 

5.3 

7 

1941 

.  78 

10 

164134. 

226.6 

20.36 

4.8 

12 

1930 

-  63 

1 1 

183514. 

253.  3 

23.01 

4.3 

6 

1949 

.  60 

12 

216236. 

293 . 5 

25.16 

4 . 0 

6 

1971 

•  52 

13 

221247. 

305 .  4 

27.32 

3 .  7 

5 

1959 

.44 

14 

238876. 

329.  7 

29.47 

3.4 

9 

1976 

.  37 

15 

239057 . 

330.  0 

31. 62 

3  •  2 

8 

1968 

.  30 

1 6 

253969. 

350.  6 

33.77 

3,  0 

7 

1955 

.  24 

17 

260852. 

360.  1 

35.92 

2.8 

4 

1957 

.  18 

13 

286208. 

395.  1 

38.0  7 

2.6 

9 

19  73 

.  12 

19 

298585. 

412.  1 

40.  23 

-2  u  5 

6 

1970 

.  0  7 

20 

3028 1  i . 

418.0 

42.38 

2.4 

10 

1  964 

.  0 1 

21 

323 1 57 . 

446.  1 

44.53 

2.2 

2 

1961 

•  • .  0  \ 

2  2 

348634. 

43 .1 . 2 

46 . 63 

2.  i 

7 

l  ’-;42 

- .  09 

3 

36922 1 . 

509 . 6 

48.  83 

2 . 0 

1946 

~.  14 

2  1 

392463. 

541 . 7 

50. 99 

2  .  i  J 

■T 

i.  9  75 

-  ..  i  7 

(continued) 


RS  t  RECORD  >  MONTHS 
4 O 


DURATION  IN  NON 'I  Hi 
24 


LFFEC  F  IVE  TEARS 
45 . 08 


Jl  !)iER 

VOLUME 

pate 

EXCEED 

RECUR 

Ei'iD 

i  NG 

AC  -FT 

CFS 

FREQ 

i  n  r 

Dh 

1  E 

OUNCE 

i_ 

1 1  .,j~  9  . 

7  7 .  y 

1 . 53 

6-5.  3 

A 

j.  93  f 

....  . 

■ 

1 662-  43 . 

1  1  4 ..  3 

3.  72 

iiO .  8 

1  93  ' 

L  :J 

3 

20498 / . 

141.5 

5.92 

16.9 

4 

1.  ?■  5  o 

1  .. 

4 

233423 . 

161.1 

8.  12 

12.3 

i  9  4  l 

1  . 

4 

5 

295124. 

203.  7 

10. 32 

9.7 

"T 

1939 

1  . 

jJc.- 

6 

459278. 

317. 0 

12.52 

Q .  0 

1962 

1  . 

I  3 

7 

492423. 

339.8 

1 4 . 72 

6.8 

.Ji 

1960 

93 

3 

514821 . 

3 '3  3  -  3 

16.92 

5.9 

6 

19/1 

36 

9 

566802. 

391 . 2 

19.  12 

5 . 2 

1 

1950 

76 

i  0 

534793. 

403.  6 

21.32 

4.  7 

1 957 

66 

t  i 

688695. 

475.3 

23.  52 

4.3 

1 9t>5 

58 

12 

696483. 

480 . 7 

25. 72 

3.9 

? 

1975 

50 

13 

858223. 

592.3 

27 . 92 

3.6 

7; 

1969 

42 

14 

913766. 

630.  6 

30.  12 

3.  3 

7 

1947 

“tc- 

'J 

15 

1058963. 

730.  8 

32.  31 

3.  1 

1955 

28 

13 

1 194742. 

324.6 

34.51 

2.9 

5 

1943 

•-  } •  y 

Mm  -2. 

17 

1383709. 

955.0 

36.71 

2.7 

1 

1952 

1  6 

13 

1891507. 

1305.4 

38.91 

2.6 

3 

1  967 

10 

INDEPENDENT  EVENTS  EXHAUSTED 


(continued) 


cEARS  (RECORD)  MONTHS  DURATION  iN  MONTHS 

4  7  O  43 

EFFECTIVE  YEARS 
43 . 08 


SiUMBEi 

VOLUME 

RA  TE 

EXCEED 

RECUR’ 

END  I  NO 

AC  -FT 

CF  3 

FREQ 

I N  r 

Oh  VE 

GUM DEL  1 

j. 

254332. 

o'  .  b 

1 . 60 

C-  xL  ..  7 

'  3  2  5 

_  . 

•  \ 

440462 . 

132.0 

3 .  90 

•  7 

^  1939 

2 «  Oo 

"T 

9  33340 . 

322.  b 

6.  20 

16.  1 

3  194  3 

i  .  1.  'mrf 

4 

931701. 

.  323. 4 

3 . 50 

11.3 

3  1962 

1 . 44 

5 

1411260. 

487 . 0 

1 0 . 80 

9.3 

3  1958 

i .  24 

6 

1659936. 

572.8 

13.  10 

7.6 

3  1950 

1 . 03 

7 

1667483. 

575.4 

15.40 

6.5 

8  1973 

.94 

3 

2504736. 

864.3 

17.70 

5.7 

10  1966 

.  33 

9  3123680. 

INDEPENDENT  EVENTS 

1077.9 

EXHAUSTED 

20 . 00 

5.0 

3  1954 

.  72 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  96 

EFFECTIVE  YEARS 
39.08 


NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

□UMBEL  1 

1  676924. 

1T6.8 

1.76 

56.  9 

6  1938 

2. 69 

2  2362961. 

40  7 .  7 

4.29 

O  -r  rr 

3  1962 

1 . 99 

3  3601815. 

621 . 5 

6.82 

14.  7 

6  1946 

1 . 6N 

4  4208382 . 

726.  1 

9 . 36 

i  0.  / 

3  19  5 

1.36 

INDEPENDENT 

EVENTS  t 

EXHAUSTED 

A-ll 


"J  o 


Red  River  at  Fargo  -  Year  2030  Case 


I 


tDJOB  i  ED  FLuH 
!  f'-  K  ■  RECORD)  MONTHS 
4  7  o 

Fee  rive  years 

to .  92 

voluhl: 


2 

1  .!.  -46 . 

1329. 

4 

.jy  * 

r5 

>  t, 

■i> 

7*. r-?  "y 

/ 

4536 . 

9 

4536 . 
4336 . 

.1 0 

4  7 1  7  . 

:l  j. 

4831. 

1  2 

4391. 

15 

4946. 

14 

5303. 

15 

5371. 

16 

53  7 1 . 

.1.  / 

537  1 . 

18 

53  7 1 . 

1 9 

5371 . 

'2.0 

537  l . 

21 

• j  ?  5*7  • 

i  • 

5 '7°  4 . 

.2 

585  7 . 

4 

6348. 

r-'t-LG:  •  ij 

DURATION  1M  i  101  i  f!  • 


F>:h  1  h. 

6  -;C!:-L£L 

KIEL  JF 

Cl*  3 

i-  RliQ 

i  N  1 

6 . 5 

1 . 47 

&  rj  „  V 

9 . 5 

•  .  38 

'2  / ,  7 

i  1 . 0 

5.  69 

1  7 . 6 

25.  1 

7.81 

12.8 

32.6 

9.92 

10.  1 

32.6 

12.04 

8.3 

3  7.6 

14.  15 

7.1 

37 . 6 

i  6 . 26 

6 .  1 

37 . 6 

18.38 

5.4 

39.  J. 

20. 49 

4.  9 

40 . 0 

22.61 

4.4 

40.5 

24.72 

4.0 

41.0 

26 . 83 

T 

44 . 0 

28.95 

"f  cr 
2*  •  U 

44.5 

3 1 .  <.'6 

.  ji  ^ 

44.5 

33.  18 

3 . 0 

44.5 

35.  29 

2.  8 

44.5 

37 . 40 

2 «  / 

44.5 

39.52 

2.  5 

44.5 

4  l .  63 

2.  4 

47.5 

4  3 .  7  5 

2 »  j 

48 . 0 

45.,  86 

,  a  t ' 

48.  3 

4  •  .  97 

2%  L 

5  2 . 6 

50 . 09 

2  *  ,’.i 

CMl 

l_.  ; 

i  Ob 

-i  ■  8 

1  v  :l-  3 

...  ,j 

1  93 

4-  1  2 

2 

1935 

1  -  /  ci 

12 

1936 

1.51 

12 

1932 

1  .  3 1 

12 

1934 

1.15 

12 

1970 

1 . 02 

12 

1939 

.  90 

12 

1 933 

«  /  V 

12 

1940 

.  70 

2 

1940 

.  6  t 

■ 

1934 

.  53 

1  1 

1935 

.  46 

l  1  • 

1931 

.  39 

1 0 

1 940 

..  32 

io 

1936 

.  26 

lo 

1  939 

.  20 

10 

1933 

.  1.  4 

:!.  0 

1. 932 

.  09 

1 0 

J.  934 

i 

1 

19  38 

.1  •../ 

L  9  30 

-  ,  < )  J 

1 

1 9  3  6 

- ,  1 

v 

t 

-  !  ? 

(continued) 


EmP'3 

(RECORD  *  Mui'l  !  HS 

i’j 

OUR 

■A  i  ION  1 

N  UUliTRi 

6 

EFFECT 

4 

1 9 E  YEARS 

6-83 

ill: 

Ep  VOLUME 

RATE 

EXCEED 

RECUR 

Hi  jU 

i  No 

AC -FT 

CFS 

FREO 

IN  r 

Oh 

I  E 

i 

1843. 

1 0 .  2 

1.47 

68.  1 

2 

1  72  / 

2623 . 

14. 5 

3 . 59 

,c  ' .  ? 

2 

1  7  J  3 

‘*i 

2930 . 

16.2 

5 . 70 

17.5 

2 

19  36 

4 

6921. 

33.2 

7.82 

12.  a 

.1 

1940 

5 

6921 . 

38 . 2 

9.94 

10.  1 

i 

1934 

6 

7210. 

39.8 

12.06 

8.3 

12 

1940 

7 

7573. 

41.8 

14.  18 

7.  1 

12 

1935 

a 

7703. 

42.5 

16.29 

6.  1 

i  1 

1936 

9 

7703. 

42.5 

18.41 

5.4 

11 

1934 

1 0 

7703. 

42.  5 

20.53 

4.9 

1 1 

1932 

1 1 

8186. 

45.2 

22.65 

4.4 

11 

1931 

12 

3430. 

46 . 5 

24.76 

4 . 0 

1 

1971 

13 

8842. 

48.8 

26.88 

3.  7 

10 

1939 

14 

8342. 

48.9 

29.00 

3.4 

10 

193  3 

15 

9264. 

51. 1 

31. 12 

~y  o 

W  •  Jim 

10 

1 930 

to 

9329. 

51.5 

33 . 23 

3.0 

X. 

1938 

1? 

1 1 304 . 

62.4 

35.35 

2.8 

8 

1 932 

13 

1 1 666 . 

64.4 

37.47 

2.7 

a 

1934 

19 

12113. 

66.  9 

39.  59 

•  5 

l 

1970 

20 

1  J  ■ 

67.5 

41.71 

2.4 

10 

1933 

21 

12469. 

68.8 

43.82 

2 

1931 

1 237 1 . 

69.  4 

45.  94 

9 

194  0 

23 

13115. 

72.4 

48.06 

2.  1 

8 

1936 

24 

136.18. 

75 . 2 

50.  18 

2.0 

1  732 

(continued) 


E.aF.  3  •  F-ECuFJ. 

4/ 


IQ  i !  HS  DURA  I  I  ON  I N  NUN  f  Hi 

O  4 


EFFECTIVE  rEARS 
46.  75 


NUMBER 

v'ulJ.lhE 

tv  A  T  E 

EXCEED 

RECUR 

Efii 

i.  iju 

AC  -FT 

CFS 

FREQ 

I  NT 

l_i : 

TE 

0UN6EL  i 

i 

4  1  /  5 . 

1  7 . 3 

1 . 4  7 

6  7 . 9 

1 9  3  7 

z 35 

2 

4960. 

20 .  5 

3 . 59 

27.8 

1933 

2.13 

2 

52oE. 

21 . 8 

5 .  / 1 

i  7 . 5 

1935 

i »  '  o 

4 

9367. 

33.  a 

7.  34 

12.3 

1940 

1 .  so 

rr 

9415. 

39.0 

9.96 

1 0 . 0 

1 

1934 

1 . 3  i 

6 

1 0038 . 

41 . 3 

12.08 

3.3 

12 

1940 

i  .  15 

7 

10451 . 

43.3 

14.  20 

7.0 

12 

1935 

1.01 

3 

1 1656. 

48.3 

16.32 

6.  1 

1  1 

1931 

.  39 

9 

12710. 

52.6 

18.44 

5.  4 

10 

1 936 

.  79 

10 

12710. 

52 . 6 

20.56 

4.  9 

10 

1934 

.  70 

1 1 

12710. 

52.6 

22.69 

4.4 

10 

1932 

.61 

12 

14494. 

60 . 0 

24.81 

4.0 

11 

1930 

.  53 

1  3 

15344. 

63 . 5 

26.93 

3.7 

1938 

.  45 

14 

16005. 

66.3 

29.05 

3.4 

12 

1938 

.  38 

15 

1 6068 . 

66 . 5 

31.17 

”T  rn, 

1970 

m  32 

16 

1 6653 . 

69.0 

33.  29 

3  -  0 

9 

1933 

•  23 

1  7 

16793. 

69.5 

35.  42 

2.3 

2 

1971 

.  20 

IS 

19.109. 

79.  1 

37.54 

2.  7 

10 

1939 

.  L  4 

19 

22636. 

93.  7 

39.66 

2  .  5 

1 

1 930 

.  08 

20 

23250 . 

96 . 3 

41.78 

2.  4 

12 

i  96 1 

.  03 

21 

23453. 

97.  1 

43 . 90 

7 

*3 

1 934 

-  a  02 

26923 . 

111.5 

■  46 . 02 

j  '  > 

i 

1975 

07 

27653. 

114.5 

48.14 

2.  1 

T 

1931 

12 

2  4 

23 /40. 

i  1  ? .  0 

50.27 

2 . 0 

T 

19  32 

-.17 

r 


(continued) 


r 

i 


‘RECORD-  I'ON'I  !tS  DURATION  III  HONTHS 


EFFECTIVE  /EARS 
46.53 


fiber 

VOLUME 

RATE 

AC  -F  1 

CFS 

i 

9546 . 

26 . 4 

-C- 

1 033 1 . 

28..  5 

i 0633 . 

29.  4 

4 

14738. 

40.  7 

5 

14799. 

40 .  9 

6 

16972. 

46.  9 

7 

18540. 

51 . 2 

a 

19868. 

54.8 

9 

21981. 

60.7 

10 

27898. 

77 . 0 

1 1 

300 73 . 

83 . 0 

12 

32065. 

88.5 

13 

32613. 

90 . 0 

14 

36350 . 

1 00 . 3 

15 

40462. 

111.7 

16 

43778. 

120.9 

.17 

45227 . 

124.9 

1 8 

48002. 

132.5 

19 

50721 . 

140. 0 

20 

52718. 

1 45 . 5 

21 

533 1 7 . 

147.2 

6 1 46 7  . 

169.  7 

2  3 

61527. 

169.9 

24 

62346. 

173.5 

E  X  CEE U  !  < b b  U K  h rl U  i  N b 


FREQ 

INI' 

U  A 

f'E 

1 . 48 

6  7 .  7 

2 

1  a  3  v 

3.61 

2  7 . 7 

2 

19  33 

5.  73 

l  / .  4 

2 

1935 
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FARGO-MOORHEAD  URBAN  STUDY 
HATER  SUPPLY 

PHASE  1,  PART  2,  APPENDIX  B 

HEC-3  DATA  ADJUSTMENTS 
AND  INITIAL  HEC-4  STREAMFLOW  CORRELATIONS 


APPENDIX  B 

HEC-3  data  adjustments 


The  following  pages  outline  adjustments  to  HEC-3  Run  16  output 
necessary  to  obtain  flow  records  at  selected  locations  on  the  Red, 
Sheyenne  and  Buffalo  Rivers.  The  adjustments  are  year  2030 
projected  demands  or  return  flows  for  municipal,  industrial, 
irrigation,  or  livestock  water  use.  Abbreviated  terminology  is 
used  to  identify  the  demand  and  return  flow  adjustments. 

Following  are  some  examples  with  definitions: 


-  new  Qw  West  Fargo,  Riverside  Subtract  (-)  the  West  Fargo 

and  Riverside  municipal 
demands  (Qw),  developed  in 
the  1982  (new)  study,  from  the 
reference  flow  record. 

-  old  Qw  irrigation  (Wahpeton  to 
Rustad) 


Add  (+)  the  return  flow  (Qr) 
from  Union  Stockyards, 
developed  in  the  1982  (new) 
study,  to  the  reference  flow 
record . 


Subtract  (-)  the  irrigation 
demand  (gw)  from  Wahpeton  to 
Rustad,  developed  for  the 
Grand  Forks  (old)  study,  from 
the  reference  flow  record. 


+  new  Qr  Union  Stockyards 


HEC-3  DATA  ADJUSTMENTS 


River 

Location 

Reference 

HEC-3 

Flow  Record 

Adjustments 

Red 

Rustad 

Control  Point 
14  RIV  FLW 
(Red  River  at 
Wahpeton) 

+  old  Qr  Wahpeton 

-  old  Qw  irrigation  (Wahpeton  to  Rustad) 

-  old  Qw  livestock  (Wahpeton  to  Rustad) 

Red 

Bri arwood 
Frontier 

Control  Point 
13  INFLOW 
(Red  River 
above  Fargo- 
Moorhead) 

-  new  Qw  Rustad 

+  new  Qr  Rustad,  Sabin 

-  new  (gw  -  Qr)  irrigation  (Rustad  to 

Bri arwood) 

-  old  Qw  irrigation  (Wahpeton  to  Rustad) 

-  old  Qw  livestock  (Wahpeton  to 

Bri arwood) 

+  old  gr  Wahpeton 

Red 

Fargo 

Moorhead 
Prairie  Rose 
Dil worth 

Control  Point 
13  INFLOW 
(Red  River 
above  Fargo- 
Moorhead) 

+  25  cfs  when  Sheyenne  diversion 
requi red 

-  new  gw  Rustad,  Briarwood,  Frontier 
+  new  Qr  Rustad,  Briarwood,  Frontier, 

Horace,  Sabiri 

-  new~(gw  -  Qr)  irrigation  (Rustad  to 
Fargo) 

-  old  Qw  irrigation  (Wahpeton  to  Rustad) 

-  old  Qw  livestock  (Wahpeton  to  Fargo) 

+  old  Qr  Wahpeton 

Red 

North  River 
Kragnes 

Control  Point 
13  INFLOW 
(Red  River 
above  Fargo- 
Moorhead) 

+  25  cfs  when  Sheyenne  diversion  required 

-  new  Qw  Fargo,  Moorhead  (RRN  portion), 
Rustad,  Briarwood,  Frontier,  Prairie 
Rose 

+  new  Qr  Moorhead,  Rustad,  Briarwood, 
Frontier,  Prairie  Rose,  Horace,  Sabin 

-  new  Qw  American  Crystal  Sugar,  Cass- 
Clay  Creamery,  Moorhead  Power  Plant 

-  new  ( Qw  -  Q-)  irrigation  (Rustad  to 
North  River) 

-  old  Qw  irrigaton  (Wahpeton  to  Rustad) 

-  old  (L  livestock  (Wahpeton  to  North 

Rive r) 

+  old  Qr  Wahpeton 

Sheyenne 

horace 

Control  Point 

9  INFLOW 
( Sheyenne 

River  above 
diversion  to 
Red  River) 

+  old  gr  Kindred 

-  old  Qw  irrigation  (Kindred  to  Horace) 

-  old  Qw  livestock  (Kindred  to  Horace) 
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HEC-3  DATA  ADJUSTMENTS  (continued) 


Reference 

hEC-3 

River  Location  Flow  Record 

Sheyenne  West  Fargo  Control  Point 

Riverside  10  INFLOW 
(Sheyenne 
River  at 
West  Fargo) 


Sheyenne  Reile's  Acres  Control  Point 
Harwood  10  INFLOW 

Argusville  (Sheyenne 

River  at 
West  Fargo) 


Buffalo  Dil worth  Control  Point 

Moorhead  17  INFLOW 

Glyndon  (Buffalo 

Kragnes  River  at 

Dil worth) 


Adjustments 


+  25  cfs  when  Sheyenne  diversion  occurred 
in  HEC-3  Run  16 


-  25  cfs  when  Sheyenne  diversion  required 

-  new  Qw  Horace 

-  new  (Qw  -  qr)  irrigation  (Horace  to 
West  Fargo) 


-  old  Qw  irrigation  (Kindred  to  Horace) 

-  old  (L  livestock  (Kindred  to  West 
Fargo) 


+  old  Qr  Kindred 


+  25  cfs  when  Sheyenne  diversion  occurred 
in  HEC-3  Run  16 

-  25  cfs  when  Sheyenne  diversion  required 
+  Maple  River  local  flow  from  regional 

correlation  analysis 

-  new  Qw  West  Fargo,  Riverside,  Horace 
+  new  Qr  West  Fargo,  Riverside 

-  new  Qw  Cargill,  Held  Beef,  Union 
Stockyards 

+  new  Qr  Union  Stockyards 

-  new  (Qw  -  Qr)  irrigation  (Horace  to 
Maple  River) 

-  old  Qw  irrigation  (Kindred  to  Horace) 

-  old  Qw  livestock  (Kindred  to  Maple 
River) 

+  old  Qr  Kindred 


No  adjustments  required 
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HEC-3  DATA  ADJUSTMENTS  (continued) 


Sheyenne  Diversion  Requirements 


Diversion  of  25  cfs  from  the  Sheyenne  River  to  the  Red  River  is 
required  if  Red  River  inflow  to  control  point  13  is  less  than  the 
total  of  the  following  demands  and  return  flows: 

+  new  gw  Fargo,  Moorhead  (RRN  portion),  Rustad, 

Briarwood,  Frontier,  Prairie  Rose 

-  new  Q r  Rustad,  Briarwood,  Frontier,  Sabin,  Horace 
+  new  Qw  American  Crystal  Sugar,  Cass-Clay  Creamery, 

Moorhead  Power  Plant 

+  new  (Qw  -  gr)  irrigation  (Rustad  to  Fargo) 

+  old  Qw  irrigation  (Wahpeton  to  Rustad) 

+  old  Qw  livestock  (Wahpeton  to  Fargo) 

-  old  Qr  Wahpeton 


iJOTE:  Qw  “  wi thdrawa! ;  Qr  =  return  flow;  "new"  refers  to 

specific  year  2030  flow  values  documented  in  U.S.  Army 
Corps  of  Engineers,  St.  Paul  District,  "Water  Supply/ 
Conservation  Investigations  for  the  Fargo-Moorhead 
Urban  Study  Area,  North  Dakota  and  Minnesota  -  Phase  1, 
Part  1:  Water  Demand  Projections,"  March  1982;  "old" 
refers  to  specific  year  2030  flow  values  which  the  Corps 
developed  in  1975-77  and  used  in  the  HEC-3  model  runs. 


INITIAL  HEC-4  STREAMFLOW  CORRELATIONS 


Tables  B-l  through  B-4  describe  the  relationships  among  the 
various  streamflow  records  initially  considered  for  reconstituting 
flows  in  the  South  Branch  Buffalo  River  at  Sabin  (MN)  and  in  the 
Maple  River  at  Mapleton  (ND) .  Tables  B-l  and  B-3  give  the  periods 
of  record  which  exist  and  which  were  actually  used  in  the  analysis 

Table  B-2  shows  the  initial  correlation  coefficients  between  the 
streamflow  record  of  the  South  Branch  Buffalo  River  and  the  other 
stream  stations  listed.  Because  the  correlations  with  the  Otter 
Tail  River  station  were  generally  poorer  than  the  others,  this 
station  was  not  used  in  the  subsequent  step  of  reconstituting 
South  Branch  Buffalo  River  flows. 

Table  B-4  shows  the  initial  correlations  between  the  Maple  River 
at  Mapleton  record  and  the  others  listed.  The  Red  River  at  Fargo 
was  not  used  subsequently  in  reconstituting  the  Maple  River  at 
Mapleton  flows  because  of  its  poorer  correlation. 

After  reconstituting  streamflows,  the  HEC-4  program  produces  final 
correlations  among  the  stations  used.  These  can  be  misleading  and 
they  are  not  Included  in  this  appendix.  The  reconstituting 
procedure  enhances  the  correlations,  so  the  final  correlations  can 
always  be  expected  to  be  better  (closer  to  +1.0)  than  the  Initial 
ones.  The  Initial  correlations  therefore  Indicate  the  station 
interrelationships  more  objectively. 
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TABLE  B-1 


Stations  and  Records  Used  in  Initial  Correlations 
South  Branch  Buffalo  River  at  Sabin 


Station _  Period  of 


Otter  Tail  River 
at  Orwell  Dam* 

Oct 

'30 

Red  River  at  Fargo* 

Oct 

'29 

Wild  Rice  River  (MN) 
at  Twin  Valley 

Aug  '30 

Buffalo  River  at  Dilworth 

Apr 

'31 

South  Branch  Buffalo 
at  Sabin 

Apr 

'45 

Record  Used  Existing  Period  of  Record 


-  Feb 

'53 

Oct 

'30  ■ 

-  Oct 

'76* 

-  Feb 

'53 

May 

'01  - 

-  Sep 

'76* 

-  Sep 

’76 

Aug 

'30  ■ 

-  Sep 

'76* 

-  Sep 

'76 

Apr 

'31  - 

-  Sep 

'76* 

-  Sep 

'76 

Apr 

'31  - 

-  Sep 

'76* 

♦Period  of  record  used  preceded  construction  of  Orwell  Dam. 


TABLE  B-2 

Initial  Correlation  Coefficients 
South  Branch  Buffalo  River  at  Sabin 


Month 


Otter  Tail 


Red 


Buffalo 


Wild  Rice  (MM) 


TABLE  B-3 


Stations  and  Records  Used  in  Initial  Correlations 
Maple  River  at  Mapleton 


Station _  Period  of  Record  Used  Existing  Period  of  Record 


Wild  Rice  River  (ND) 

May 

'32  - 

-  Sep 

'76 

May 

•  32  - 

-  Sep 

'76+ 

at  Abercrombie 

Red  River  at  Fargo* 

Oct 

•  29  - 

-  Feb 

'53 

May 

•01  - 

-  Sep 

'76+ 

Sheyenne  River 

Oct 

•  29  - 

-  Jul 

•  44 

Sep 

•  29  - 

-  Sep 

'76+ 

at  West  Fargo** 

Maple  River  at  Enderlin 

Jun 

'56  - 

-  Sep 

'76 

Jun 

'56  - 

-  Sep 

'76+ 

Goose  River  at  Hillsboro 

Apr 

'31  - 

-  Sep 

'76 

Apr 

'31  - 

-  Sep 

'76+ 

Maple  River  at  Mapleton 

Apr 

•  44  . 

-  Sep 

'75 

Apr 

'44  ■ 

-  Sep 

'  75 

♦Period  of  record  used  preceded  construction  of  Orwell  Dam. 
♦♦Period  of  record  used  preceded  construction  of  Baldhill  Dam. 


TABLE  B-4 

Initial  Correlation  Coefficients 
Maple  River  at  Maple ton 


Wild  Maple 

Rice  (ND)  Red  She.yenne  (at  Enderlin) 


FARGO-MOORHEAD  URBAN  STUDY 
WATER  SUPPLY 

PHASE  1,  PART  2,  APPENDIX  C 
RESULTS  OF  PARTIAL  DURATION  ANALYSES 


RESULTS  OP  PARTIAL  DURATION  ANALYSES 


In  performing  the  partial  duration  analyses,  several  assumptions 
were  made. 

The  assumptions  for  the  year  2030  case  are: 

1.  Year  2030  projected  water  demands. 

« 

2.  Reservoirs  operated  under  current  regulatory 
policies . 

3.  Lake  Ashtabula  (Baldhill  Dam)  and  Orwell  Reservoir 
operated  to  satisfy  Fargo-Moorhead 's  water  demands. 

The  assumptions  for  the  year  1980  analyses  are  the  same  except 
that  year  1980  projected  demands  are  used  in  place  of  those 
projected  for  year  2030. 

In  both  analyses,  the  data  for  the  partial  duration  analyses  were 
derived  from  the  HEC-3  computer  program,  "Reservoir  Analysis 


for  Conservation." 


Sheyenne  River  at  Horace  -  Year  2030  Case 


SHEYENNE  RIVER  AT  HORACE 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  2 

EFFECTIVE  YEARS 
46.92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

_P6J£_ 

GUM BEL  K 

1 

842. 

7.0 

1.47 

68 . 2 

8  1961 

2.84 

877. 

7.3 

3.58 

27.9 

6  1934 

2.13 

3 

881. 

-7-».3_- 

_ 5.69 _ 

_  _1X,6_ 

_ 9 -.1.9.37-.. 

.1 .76 

4 

896. 

7.4 

7.81 

12.8 

3  1941 

1.51 

5 

942. 

7.8 

9.92 

10.1 

9  1967 

1.31 

6 

1240. 

1&,_3._ 

_lJLt04_. 

_  _8_,_3_. 

7.1938 

_ 1,1.5. 

7 

1244. 

10.3 

14.15 

7.1 

9  1959 

1.02 

8 

1364  . 

11.3 

16.26 

6.1 

9  1952 

.90 

9 

1425. 

11.8 

18.38 

5.4 

9  1958 

,  79. 

10 

1439. 

11.9 

20.49 

4.9 

1  1939 

.70 

11 

1560. 

12.9 

22.61 

4.4 

11  1937 

.61 

12 

1620. 

13.4 

_ 2_4_t22__ 

.4_i_Q_. 

.2_ 1936 

...  ,53 

13 

1663. 

13.8 

26.83 

3.7 

7  1939 

.46 

14 

1666. 

13.8 

28.95 

3.5 

9  1968 

.39 

15 

1808. 

1 5,0 

31 « 

3.2 

8  1973 

.32. 

16 

1869. 

15.5 

33.18 

3.0 

8  1946 

.26 

17 

1922. 

15.9 

35.29 

2.8 

1  1962 

.20 

18 

1965, 

16  ,_3L_ 

37J^0_ 

_ 2,-7- _ 

_ 7... 1 940_ 

_  .  .14 

19 

1968. 

16.3 

39.52 

2.5 

9  1960 

.09 

20 

1989. 

16.5 

41.63 

2.4 

8  1930 

.03 

21 

2110, 

17. 5_. 

...  43_jlZ5__ 

_ 2.J_ 

_  8  1.9.41  _ 

_  -.02 

22 

2149. 

17.8 

45.86 

2.2 

9  1947 

-.07 

23 

2210. 

18.3 

47.97 

2.1 

9  1974 

-.12 

24 

2270. 

18.8 

50..  09 

_ 2,0 

9.  1956 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS 
47  _  0 


EFFECTIVE 

46.83 

YEARS 

NUMBER 

VOLUME 

AC-FT 

1 

1354. 

r> 

1595. 

3 

1917. 

4 

2078. 

5 

2219. 

6 

2400. 

7 

2501  . 

8 

2742. 

9 

3059. 

10 

3161  . 

11 

3165. 

12 

3306. 

13 

3548. 

14 

3648. 

15 

3663. 

16 

3829. 

17 

3889. 

18 

3950. 

19 

3965. 

20 

4003. 

21 

4010. 

22 

4131 . 

23 

4372. 

24 

4433. 

DURATION  IN  MONTHS 
_  3 


RATE 

EXCEED 

RFC  UR 

CFS 

FREQ 

INT 

7.5 

i  .47 

68.1 

8.8 

3.59 

27.9 

10.6 

5.70 

17.5 

11.5 

7.82 

12.8 

12.3 

9.94 

10.1 

13.3 

12.06 

8.3 

13.8 

14.18 

7.1 

15.1 

16.29 

6.1 

16.9 

18.41 

5.4 

17.4 

20.53 

4.9 

17.5 

22.65 

4.4 

18.3 

24.76 

4.0 

19.6 

26.88 

3.7 

20.1 

29.00 

3.4 

20.2 

31.12 

3.2 

21 . 1 

33.23 

3.0 

21.5 

35.35 

2.8 

21.8 

37.47 

2.7 

21.9 

39.59 

2.5 

22.1 

41,71 

2.4 

22.1 

43.82 

2.3 

22.8 

45.94 

2.2 

24.1 

48.06 

2.1 

24.5 

50,18 

2.0 

ENDING 


DATE 

GUMBEL  1 

9 

1961 

2.83 

9 

1937 

2. 13 

3 

1941 

1 . 76 

9 

1958 

1.51 

2 

1939 

1.31 

12 

1937 

1.15 

9 

1967 

1 .01 

9 

1959 

.  90 

8 

1938 

.79 

7 

1934 

.70 

9 

1973 

.61 

1 

1962 

.53 

2 

1936 

.  46 

9 

1946 

.39 

8 

1939 

.32 

9 

1947 

.26 

9 

1963 

.20 

9 

1945 

.14 

8 

1940 

.08 

1 1 

1938 

.03 

9 

1960 

-.02 

9 

1930 

-.07 

9 

1931 

-  .  12 

9 

1974 

-  .  17 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  4  _ 

EFFECTIVE  YEARS 

46.75  . . 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

_IN_T 

DATE 

1 

2435. 

10.1 

1.47 

67.9 

10  1937 

n 

3329*. 

13.8 

3.59 

27.8 

9  1961 

3 

3362. 

13.9 

5.71 

17.5 

2  1939 

4 

3643. 

15.1 

7.84 

12.8 

10  1958 

5 

3663. 

15.2 

9.96 

10.0 

3  1941 

6 

4207. 

17.4 

12.08 

8.3 

2  1938 

7 

4373. 

18.1 

14.20 

7.0 

11  1959 

8 

4778. 

19.8 

16.32 

6.1 

9  1938 

9 

4856. 

20.1 

18.44 

5.4 

11  1973 

10  5100.  21.1  20.56  4.9  8  1934 

11  5294.  21.9  22.69  4.4  1  1962 

12  5454^  22.6  24.81  4.0  10  1967 

13  5475.  '22.7  26.93  3.7  2  1936 

14  5502.  22.8  29.05  3.4  9  1939 

15  _  5810. _  24.1  31.17  3.2  12  1963 

16  5925.  24.5  33.29  3.0  9  1940 

17  6179.  25.6  35.42  2.8  10  1930 

18_  _  6429. _ 26.6  37.54.  _J2jl7  _  _8  1931 

19  6561.  27.2  39.66  2.5  4  1937 

20  6622.  27.4  .41.78  2.4  3  1940 

21  _ 7225.1. _ 29 ..9,  43.90 _ 2._3_  _1__193.2 

22  7386.  30.6  46.02  2.2  10  1935 

23  7588.  31.4  48.14  2.1  3  1934 

24  7809.  32.3  50_.  27  2.0  10  1933 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


47 

0 

_  _ _ 1 

6 _ 

— 

— 

- 

EFFECTIVE 

YEARS 

46.5 

8 

. . 

— 

—  - 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

r- 

AC-FT 

CFS 

FREQ 

INT 

DATE.. 

GUMBEL  K 

•  * 

1 

3995. 

11.0 

1.48 

67.7 

12 

1937 

2.83 

2 

5686  • 

15.7 

3.61 

27.7 

12 

1961 

2,13 

3 

6223. 

17.2 

5.73 

17.4 

9 

1939 

1 . 76 

\  • 

4 

8342. 

23.0 

7.86 

12.7 

12 

1963 

1.50 

5 

8451  . 

23.3 

9.99 

10.0 

11 

1973 

1.31 

6 

8632. 

23.8 

12.12 

8.2 

11 

19.59 

1 .  15 

7 

8988. 

24.8 

14.25 

7.0 

10 

1934 

1.01 

8 

9719. 

26.8 

16.38 

6.1 

11 

1939 

.89 

9 

9785. 

27.0 

18.51 

5.4. 

2 

1936 

.79 

r. 

10 

10270. 

28.4 

20.64 

4.8 

7 

1940 

.69 

Hi 

11 

10455. 

28.9 

22.77 

4.4 

12 

1931 

.61 

12 

10597. 

29.3 

24.90 

4.0 

4 

1937 

.53 

13 

11844. 

32.7 

27.02 

3.7 

12 

1933 

.45 

14 

11960. 

33.0 

29.15 

3.4 

7 

1938 

.38 

15 

12006. 

33.1 

31.28 

3.2 

10 

1958 

.31 

16 

13462. 

37.2 

33.41 

3.0 

11 

1932 

.25 

H 

17 

14038. 

38.8 

35.54 

2.8 

3 

1941 

.19 

18 

15406. 

•  42.5 

37.67 

2.7 

12 

1930 

.  13 

19 

15568. 

43.0 

39,80 

2.5 

10 

1936 

.08 

t  * 

20 

17540. 

48.4 

41.93 

2.4 

4 

1935 

.03 

#*v. 

21 

19158. 

52,9 

44.06 

2.3 

8 

1957 

-.03 

22 

19813. 

54.7 

46.19 

2.2 

12 

1967 

-.08 

23 

23677. 

65.4 

48.31 

2.1 

12 

1960 

-.13 

p" 

4*. 

24 

25235. 

69.7 

50.44 

2.0 

11 

1945 

-.17 

V  * 

wJi- 

C-6 


w 


(  oont Inued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 

EFFECTIVE  YEARS 
46.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  N_T . 

-DATE 

GUMBEL  K 

1 

9282. 

17.1 

1  j  48 

67,3 

2  1939 

2.83 

2 

10368. 

19.1 

3.63 

27.6 

2  1938 

2.12 

3 

12113. 

22,3 

5.77 

12«_3 

.1  -1  9j62 

1.75 

4 

15150. 

27.9 

7,91 

12.6 

3  1940 

1.50 

5 

15150. 

27.9 

10.05 

10.0 

3  1936 

1.30 

6 

15192. 

28.0 

12.19 

_8 . 2 

.  1  .1935 

1 .14 

7 

15554. 

28.6 

14.33 

7.0 

1  1932 

1.01 

8 

16545. 

30.4 

16.47 

6.1 

4  1937 

.89 

9 

17625. 

32.4 

18.61 

5.4 

_  3_l.?3_4 

.78 

10 

18169. 

33.4 

20.75 

4.8 

3  1941 

.69 

11 

19840. 

36.5 

22.89 

4.4 

11  1959 

.60 

12 

21308. 

39.2 

25.03 

4,0. 

_ 3  1964 

.52 

13 

23825. 

43.8 

27.17 

3.7 

1  1974 

.45 

14 

28353. 

52.2 

29.31 

3,4 

12  1932 

.38 

15 

29.621.1 

54_.  5 

31 . 45 

3.2 

1  1959 

_  .51 

16 

33685. 

62.0 

33.59 

3.0 

3  1931 

.25 

17 

39247. 

72.2 

35.73 

2.8 

8  1957 

.19 

18 

41533... 

_  .76.4. 

-_3.Zjl.82 _ 

_ 2o_6_ 

_ 3  1 9AR 

_  -.13 

19 

41895. 

77.1 

40.01 

2.5 

3  1948 

.07 

20 

43163. 

79.4 

42.15 

2.4 

3 .1946 

.02 

2.1 _ 

.  4.3.1 6  3jl  . 

79.4 

44.29 

2.3 

3  1975 

-.03 

22 

43465. 

80.0 

46.43 

2.2 

3  1956 

-.08 

23 

44552. 

82.0 

48.57 

2.1 

3  1947 

-.13 

24 

46182. 

....  85.0 

5.0.,21__ 

_ 2_,.0_ 

_ 3„19_6JL_ 

_  -.18 

( cont  tnued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

_ 47 _ JL._  ..  _ 12 _ 

EFFECTIVE  YEARS 

46.08  .  . 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC.-EJL _ 

_CF_S 

.E.REQ _ 

_ I  NT _ 

_DAJE ...  . 

_  GUMBELJ 

1 

15781. 

21 .8 

1.49 

67.0 

2 

1938 

2.82 

2 

18196. 

25.1 

3.64 

27.4 

3 

1939 

2.12 

3 

21516. 

29.7 

5.80 

17.3 

.4 

1940 

1.75 

4 

25682. 

35.4 

7.95 

12.6 

6 

1934 

1 . 49 

5 

27674. 

38.2 

10.10 

9.9 

4 

1936 

1.30 

6 

28701  . 

39.6 

12.25 

8.2 

3 

_1?62 

1.14 

7 

29365. 

40.5 

14.40 

6.9 

2 

1932 

1.00 

8 

34859. 

48.1 

16.56 

6.0 

12 

1959 

.88 

9 

39809. 

54.9 

18.71 

5.3 

6 

1964 

.78 

10 

41862. 

57.8 

20.86 

4.8 

4 

1941 

.68 

11 

43069. 

59.4 

23.01 

4.3 

3 

1974 

.60 

12 

47839. 

66.0 

25.16 

4.0 

2 

1933 

.52 

13 

57438. 

79.3 

27.32 

3.7 

8 

1957 

.44 

14 

58465. 

80.7 

29.47 

3.4 

12 

1958 

.37 

15 

70177. 

96.9 

31.62 

3.2 

6 

1968 

.30 

16 

71928. 

99.3 

33.77 

3.0 

5 

1953 

.24 

17 

75007. 

103.5 

35.92 

2.8 

3 

1946 

.18 

18 

77542. 

107.0 

38.07 

2.6„ 

5 

1954 

.12 

19 

77965. 

107,6 

40.23 

2.5 

3 

1956 

.07 

20 

82252. 

113.5 

42.38 

2.4 

3 

1947 

.01 

21 

82312. 

113.6 

44.53 

2.2 

8 

1944 

-.04 

22 

84244. 

116.3 

46.68 

2.1 

4 

1942 

-.09 

23 

98552. 

136.0 

48.83 

2.0 

2 

1931 

-.14 

24 

105616. 

145.8 

50.99 

2.0 

3 

1948 

-.19 

YEARS  (RECORD)  MONTHS 
47  0 


( cont lnued ) 

DURATION  IN  MONTHS 
24 


EFFECTIVE  YEARS 
45.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

34882. 

24.1 

1.53 

65.5 

2  1939 

2.81 

r> 

tim 

52753. 

36.4 

3.72 

26.8 

3  1941 

2.10 

3 

54202. 

37.4 

5.92 

16.9 

4  1936 

1.73 

4 

77204. 

53.3 

8.12 

12.3 

2  1933 

1.47 

5 

85052. 

58.7 

10.32 

9.7 

3  1960 

1.28 

6 

121216. 

83.7 

12.52 

8.0 

3  1965 

1  .  12 

7 

129306. 

89.2 

14.72 

6 . 8 

4  1962 

.98 

8 

149470. 

103.2 

16.92 

5.9 

5  1954 

.86 

9 

157258. 

108.5 

19.12 

S.s.2 

3  1247 

.  ..76 

10 

179476. 

123.9 

21.32 

4.7 

8  1957 

.66 

11 

194690. 

134.4 

23.52 

4.3 

3  1943 

.58 

12 

202297. 

139.6 

25.72 

3.9 

3  197.4 

.50 

13 

241479. 

166.7 

27.92 

3.6 

3  1969 

.42 

14 

303542. 

209.5 

30.12 

3.3 

5  1971 

.35 

15 

308070* 

212.6 

32.31 

3.1 

3.  19:45. 

.28 

16 

331917. 

229.1 

34.51 

2.9 

3  1949 

.22 

17 

368624. 

254.4 

36.71 

2.7 

5  1952 

.16 

18 

438234. 

302.4 

38.91 

2.6 

7. 1976 

.10 

19 

460572. 

317.9 

41.11 

2.4 

3  1967 

.05 

INDEPENDENT  EVENTS  EXHAUSTED 


( cont  Lnued ) 


l  .  ...  _ _ _ _  _  _ _ 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  48 


EFFECTIVE 

YEARS 

43.08 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

86367. 

29.8 

1.60 

_  62,7 

J  „1_9A0  __ 

. . _2_*.7.Z. 

2 

144748. 

49.9 

3.90 

25.7 

4  1936 

2.06 

3 

235911 . 

81 . 4 

6.20 

16.1 

3  1962 

1.69 

4 

351827. 

121.4 

8.50 

11.8 

4  1956 

1 . 4_4 

5 

354121 . 

122.2 

10.80 

9.3 

3  1948 

1.24 

6 

538319. 

185.8 

13.10 

7.6 

2  1974 

1.08 

7 

570257. 

196.8 

15.40 

6.5 

12  1966 

.  »94 

8 

906957. 

313.0 

17.70 

5.7 

4  1952 

.83 

INDEPENDENT  EVENTS 

EXHAUSTED 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  96 


EFFECTIVE  YEARS 
39.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

208837. 

36.0 

1,76 

56.9 

3  1941 

2.69 

2 

639237. 

110.3 

4.29 

23.3 

2  1962 

1.99 

3 

991936. 

171 . 1 

6.82 

14.7 

3  1949 

1.62 

4  1269772. 

INDEPENDENT  EVENTS 

219.1 

EXHAUSTED 

9.36 

10.7 

12  1970 

1.36 

010 


Sheyenne  River  at  West  Fargo  -  Year  2030  Case 


SHEYENNE  RIVER  AT  WEST  FARGO  /  RIVERSIDE 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  .  _  0  2 


EFFECTIVE  YEARS 
46.92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL. 1 

1 

813. 

6.7 

1.47 

68.2 

1 

1935 

2.84 

2 

933. 

7.7 

3.58 

27.9 

2 

1937 

2.13 

3 

1054. 

8.7 

5,69 

17.6 

3 

1941 

1.76 

4 

1115. 

9.2 

7.81 

12.8 

8 

1961 

1.51 

5 

1212. 

10.0 

9.92 

10.1 

6 

1934 

1.31 

6 

1236. 

10.2 

12.04 

8.3 

8 

1937 

1 .15 

7 

1580. 

13.1 

14.15 

7.1 

9 

1952 

1.02 

8 

1597. 

13.2 

16.26 

6.1 

2 

1936 

.90 

9 

1628. 

13.5 

18.38 

5.4 

10 

1937 

.79 

10 

1657. 

13.7 

20.49 

4.9 

12 

1937 

.70 

11 

1838. 

15.2 

22.61 

4.4 

*» 

1939 

.61 

12 

1882. 

IS. 6 

24.72 

4.0 

9 

1959 

.53 

13 

2080. 

17.2 

26.83 

3.7 

12 

1938 

.46 

14 

2081  . 

17.2 

28.95 

3.5 

1 

1962 

.39 

15 

2244. 

18.6 

31.06 

3.2 

9 

1960 

.32 

16 

2304. 

19.1 

33.2  8 

3.0 

9 

1968 

.26 

17 

2382. 

19.7 

35.29 

2.8 

12 

1936 

.20 

18 

2425. 

20.1 

37.40 

2.7 

9 

1970 

.  14 

19 

2441. 

20.2 

39.52 

2.5 

4 

1940 

.09 

20 

2442. 

20.2 

41.63 

2.4 

3 

1935 

.03 

21 

2478. 

20.5 

43.75 

2.3 

7 

1938 

-.02 

22 

2562. 

21.2 

45.86 

2.2 

4 

1937 

-.07 

23 

2606. 

21.6 

47.97 

2.1 

9 

1967 

-.12 

24 

2623. 

21.7 

50.09 

2.0 

12 

1963 

-.17 

C-li 


( cont lnued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  3 


EFFECTIVE  YEARS 
46.83 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

1279. 

7.1 

1.47 

68.1 

n 

1935 

2.83 

2 

1400. 

7.7 

3.59 

27.9 

9 

1937 

2.13 

3 

1735. 

9.6 

5.70 

17.5 

9 

1961 

1.76 

4 

2036. 

11.2 

7.82 

12.8 

9 

1937 

1.51 

5 

2184. 

12.1 

9.94 

10.1 

3 

1941 

1.31 

6 

2484 j 

13.7 

.12.06 

8.3 

12 

1937 

1.15 

7 

2728. 

15.1 

14.18 

7.1 

9 

1939 

1.01 

8 

3299. 

18.2 

16.29 

6,1 

7 

1934 

,90 

9 

3392. 

18.7 

18.41 

5.4 

3 

1936 

.79 

10 

3573. 

19.7 

20.53 

4.9 

1 

1962 

.70 

11 

3735. 

20.6 

22.65 

4.4 

10 

1959 

.61 

12 

4267. 

23.6 

24.76 

4.0 

11 

1938 

.53 

13 

4270. 

23.6 

26.88 

3.7 

9 

1963 

.46 

14 

4270. 

23.6 

29.00 

3.4 

9 

1960 

.39 

-15 

-4412. _ 

_.24^_4. 

-31...1 2 _ 

_ 3 . 2 

_4. 

1940  _ 

_  _ .32- 

16 

4580, 

25.3 

33.23 

3.0 

10 

1958 

.26 

17 

4693. 

25.9 

35.35 

2.8 

9 

1945 

.20 

18 

4693. 

25l9 _ 37,47 

2 ,7. 

9  1939 

.  1  4 

19 

4693. 

25.9 

39.59 

2.5 

9 

1940 

.08 

20 

4693. 

25.9 

41.71 

2.4 

9 

1931 

.03 

21 

4707. 

26.0 

43.82 

2.3 

8 

1938 

-.02 

22 

4718. 

26.0 

45.94 

2.2 

12 

1963 

-.07 

23 

4934. 

27,2 

48.06 

2.1 

9 

1976 

-.12 

24 

_  51 76 1  _ 

_  .28.6 

.50.18 

2.0 

9 

19  46 

_-.17_ 

(continued ) 


YEARS  (RECORD)  HONTHS  DURATION  IN  MONTHS 


47 

.  _ Q  .. 

-  -  • 

. —  ■ 

A 

... 

- .  .  .  . 

. 

EFFECTIVE 

YEARS 

46.75 

.  — .  . 

— 

■ 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

_ACr_F_T 

CF.S 

FREQ 

INT 

DATE. 

GUMBEL  K 

1 

2712. 

11.2 

1.47 

67.9 

3 

1937 

2.83 

2 

2863. 

11.9 

3.59 

27.8 

10 

1937 

2.13 

3 

3255. 

13.5 

5  .J71 

_  l.Z-t  5 

_3 

.19.35  . 

1.76 

4 

3918. 

16.2 

7.84 

12.8 

2 

1939 

1.50 

5 

3950. 

16.4 

9.96 

10.0 

10 

1961 

1.31 

6 

4221. 

17.5 

12.08 

8.3 

3 

1941 

1.15 

7 

4763. 

19.7 

14.20 

7.0 

•? 

1938 

1.01 

8 

4804. 

19.9 

16.32 

6 . 1 

11 

1959 

.89 

9 

5308. 

22.0 

18.44 

5.4 

3 

1936 

.79 

10 

5346. 

22.1 

20 . 56 

4.9 

8 

1934 

.70 

11 

5822. 

24.1 

22.69 

4.4 

10 

1938 

.61 

12 

6122. 

25.4 

24.81 

4.0 

12 

1963 

.53 

13 

6393. 

26.5 

26.93 

3.7 

4 

1940 

.45 

14 

6667. 

27.6 

29.05 

3.4 

10 

1940 

.38 

.15 

6667_.  __ 

_27_.  6 

31,17 

3,2.. 

10 

-1.93.9_ 

_  32. 

16 

6727. 

27.9 

33.29 

3.0 

10 

1958 

.25 

17 

6727. 

27.9 

35.42 

2.8 

10 

1931 

.20 

18 

7210. 

29.9 

37,54 

2 . 7 

10 

1930 

.14 

19 

7944. 

32.9 

39.66 

2.5 

11 

1936 

.08 

20 

7962. 

33.0 

41.78 

2.4 

1 

1934 

.03 

21 

8065. 

33.4 

43,90 

2.3 

11 

1932 

-.02 

22 

8297. 

34.4 

46.02 

2.2 

to 

1967 

-.07 

23 

8729. 

36.1 

48.14 

2.1 

11 

1935 

-.12 

24 

9625. 

39.9 

50.27 

2.0 

10 

1960 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 

EFFECTIVE  YEARS 
46.58 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

4521  . 

12.5 

1.48 

67.7 

12 

1937 

2.83 

2 

5877. 

16.2 

3.61 

27.7 

4 

1937 

2.13 

3 

6513. 

18.0 

5,73 

17.4 

12 

1961 

1.76 

4 

6995. 

19.3 

7.86 

12.7 

2 

1939 

1.50 

5 

7325. 

20.2 

9.99 

10.0 

3 

1935 

1.31 

6 

8231 . 

22.7 

12.12 

8.2 

3 

1941 

1.1.5 

7 

8988. 

24.8 

14.25 

7.0 

12 

1963 

1.01 

8 

9136. 

25.2 

16.38 

6.1 

3 

1936 

.89 

9 

10317. 

28.5 

18.51 

5.4 

12 

1959 

.79 

10 

10405. 

28.7 

20.64 

4.8 

4 

1940 

.69 

11 

10618. 

29.3 

22.77 

4.4 

12 

1931 

.61 

12 

11945. 

33.0 

24.90 

4.0 

2 

1934 

.53 

13 

12166. 

33.6 

27.02 

3.7 

10 

1939 

.45 

14 

14422. 

39.8 

29.15 

3.4 

12 

1932 

.38 

15 

14521 . 

40.  L 

31.28 

_  3_,2 ... 

9 

1934 

.31 

16 

15202. 

42.0 

33.41 

3.0 

7 

1938 

.25 

17 

15969. 

44.1 

35.54 

2.8 

10 

1958 

.  19 

18 

16822. 

46 . 4 

37.67 

2.7 

11  19KL 

.  13 

19 

18565. 

51.3 

39.80 

2.5 

10 

1936 

,08 

20 

23275. 

64.3 

41.93 

2.4 

9 

1935 

.03 

21 

23303. 

64.3 

44.06 

2.3 

8 

1957 

-.03 

22 

23417. 

64.6 

46.19 

2.2 

12 

1967 

-.08 

23 

24142. 

66.6 

48.31 

2.1 

12 

1960 

-.13 

24 

26446. 

73.0 

"4T 

o 

"1 

2 « _Q_ . 

1. 

1 974 

...  .  ,  -.17 

B 


014 


( continued ) 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0 _ _  9 _ _ 


EFFECTIVE  YEARS 
46.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

_INJ  .. 

DATE  _ 

GUMBEL  K 

1 

10554. 

19.4* 

1.48 

67.3 

2 

1938 

2.83 

2 

11701 . 

21.5 

3.63 

27.6 

n 

1939 

2.12 

3 

11906. 

21.9 

5.77 

17.3 

4 

1937 

1.75 

4 

11943. 

22.0 

7.91 

12.6 

9 

1935 

1.50 

5 

12923. 

23.8 

10.05 

10.0 

3 

1941 

1.30 

6 

13927. 

25.6 

12.19 

8,2 

1 

1962 

1 .14 

7 

15278. 

28.1 

14.33 

7.0 

3 

1940 

1.01 

8 

16968. 

31.2 

16.47 

6,1 

3 

1936 

.89 

9 

19120. 

35.2 

18.61 

5.4 

1 

1932 

.78 

10 

19142. 

35.2 

20.75 

4.8 

3 

1934 

.69 

11 

23066. 

42.5 

22.89 

4,4 

3 

1964 

.60 

12 

24974. 

46.0 

25.03 

4.0 

12 

1959 

.52 

13 

29262. 

53.9 

27.17 

3.7 

1 

1933 

.45 

14 

33971 . 

62.5 

29.31 

3,4 

1 

1959 

.38 

15 

38461. 

70.8 

31.45 

3.2 

3 

1931 

.31 

16 

43117. 

79.4 

33.59 

3.0 

8 

1957 

.25 

17 

44680. 

82.2 

35.73 

2.8 

3 

1946 

.19 

18 

45585. 

83.9 

37.87 

2,6 

3 

1975 

.13 

19 

45887. 

84.5 

40.01 

2.5 

3 

1968 

.07 

20 

45887. 

84.5 

42.15 

2.4 

3 

1956 

.02 

21 

45947. 

84.6 

44.29 

2.3 

3 

1974 

-.03 

22 

47517. 

87,5 

46.43 

2.2 

3 

1948 

-.08 

23 

47578. 

87.6 

48.57 

2.1 

3 

1961 

-.13 

24 

50596. 

93.1 

50.71 

2.0 

3 

1947 

-.18 

(continued ) 


^ YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  12 

EFFECTIVE  YEARS 
46,08 


JMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUM8EL  K 

1 

13514. 

18. 7' 

1.49 

67.0 

1 1 

1937 

2.82 

2 

20156. 

27.8 

3.64 

27.4 

3 

1941 

2.12 

3 

21846. 

30.2 

5.80 

17.3 

3 

1935 

1.75 

4 

23355. 

32.2 

7.95 

12.6 

9 

1939 

1 . 49 

5 

26917, 

37.2 

10.10 

9.9 

3 

1962 

1 . 30 

6 

30238. 

41.7 

12.25 

8.2 

3 

1940 

1.14 

7 

31083. 

42.9 

14.40 

6.9 

4 

1936 

1 . 00 

8 

36637. 

50.6 

16.56 

6.0 

9 

1932 

« 8  8 

9 

40441 . 

55.8 

18.71 

5.3 

12 

1959 

♦  7  8 

10 

42252. 

58.3 

20.86 

4.8 

3 

1934 

•  68 

11 

43701 . 

60.3 

23.01 

4.3 

6 

1964 

.  60 

12 

61209. 

84.5 

25.16 

4.0 

7 

1957 

.52 

13 

61873. 

85.4 

27.32 

3.7 

2 

1933 

.  44 

14 

64167. 

88.6 

29.47 

3.4 

12 

1958 

•  37 

15 

75155. 

103.7 

31. .62 

3.2 

6 

1968 

.  30 

16 

81494. 

112.5 

33.77 

3.0 

3 

1946 

.  24 

17 

82038. 

113.2 

35.92 

2.8 

3 

1956 

.  18 

18 

82642. 

114.1 

38.07 

2.6 

5 

1953 

.12 

19 

83125. 

114.7 

40.23 

2.5 

6 

1954 

.07 

20 

91215. 

125.9 

42.38 

2.4 

4 

1942 

.01 

21 

98580. 

136.1 

44,53 

2.2 

3 

1947 

-.04 

22 

100029. 

138. 1 

46.68 

2.1 

7 

1944 

- ,  09 

23 

111983. 

154.6 

48.83 

2.0 

3 

1974 

-.14 

24 

117477. 

162.2 

50.99 

2.0 

12 

1960 

-.19 

C-16 

l 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47_  0  24. 

EFFECTIVE  YEARS 
45.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

ACrFT 

CFS 

FREQ.  . 

.  INJ _ 

-DATE _ 

-GUMBEL.K 

1 

38077. 

26.3 

1.53 

65.5 

11  1938 

2.81 

r> 

50393. 

34.8 

3.72 

26.8 

3  1941 

2.10 

3 

53835. 

37.2 

-5j-9.2- 

_ L6  «_2__ 

..  4_  1936. 

..  1...73 

4 

95613. 

66.0 

8.12 

12.3 

3  1960 

1.47 

5 

98511 . 

68.0 

10.32 

9.7 

2  1933 

1.28 

6 

128214. 

88.5 

12.52 

.8.0-. 

.3  -L9.65 _ 

1.12 

7 

130931 . 

90.4 

14.72 

6.8 

4  1962 

.  98 

8 

176211 . 

121.6 

16.92 

5.9 

5  1954 

,86 

9 

180075. 

124.3 

19.12 

5.2 

3  1947 

,  76 

10 

185327. 

127.9 

21.32 

4.7 

8  1957 

.66 

11 

211589. 

146.0 

23.52 

4.3 

3  1943 

.58 

12 

256205. 

176.8 

25.72 

.  _3  ..9_ 

3.1969 

.50 

13 

318812. 

220.0 

27.92 

3.6 

9  1971 

,42 

14 

329377. 

227.3 

30.12 

3.3 

3  1975 

.35 

15 

354130. 

244.4 

32.31 

3_«.l. 

3  1945 

.28 

16 

369042. 

254.7 

34.51 

2,9 

4  1949 

.22 

17 

375562. 

259.2 

36.71 

2.7 

5  1952 

.16 

.18. 

469382. 

323.9 

38.91 

. 2.6. 

. _ 3  1967,  _ 

.10 

INDEPENDENT  EVENTS  EXHAUSTED 


M  u  TO  U  J»  Cl  W  a-  SJ  CO  I-  W  -6 

o  o-  ro  oo  c.n  ro  o  oo  O'  cs  co  r-j  03  Ni 


( continued ) 


YEARS  ( RECORD )  MONTHS  DURATION  IN  MONTHS 

47  0  48 

EFFECTIVE  YEARS 
43.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

90825. 

31 . 3 

1 .60 

62.7 

7 

1940 

2.77 

2 

160254. 

55.3 

3.90 

25.7 

7 

1936 

2.06 

3 

245803. 

84 . 8 

6.20 

16.1 

3 

1962 

1 . 69 

4 

374518. 

129.2 

8  •  o  0 

11.8 

8 

1957 

1 .44 

5 

424748. 

146.6 

10.80 

9.3 

3 

1948 

1.24 

6 

590532. 

203.8 

13.10 

7.6 

12 

1966 

1.08 

7 

669198. 

230.9 

15.40 

6.5 

5 

1971 

.94 

8 

782156  . 

269.9 

17.70 

5.7 

S 

1953 

.  83 

9 

798517. 

275.5 

20.00 

5.0 

5 

1975 

.72 

INDEPENDENT  EVENTS  EXHAUSTED 


1 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  96 

EFFECTIVE  YEARS 
39.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

218900. 

37.8 

1.76 

56.9 

3  1941 

2.69 

2 

659503. 

113.8 

4.29 

23.3 

3  1962 

1 . 99 

3 

1131257. 

195.2 

6.82 

14.7 

3  1949 

1.62 

4 

1287201  . 

222.1 

9.36 

10.7 

12  1970 

1.36 

INDEPENDENT  EVENTS  EXHAUSTED 

1 

READY . 


Sheyenne  River  at  Reile's  Acres 


Year  2030  Case 


SHEYENNE  RIVER  AT  REILE'S  ACRES  /  HARWOOD  /  ARGUSVILLE 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  2 

EFFECTIVE  YEARS 
46.92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREO 

INT 

DATE 

GUMBEL  K 

1 

490. 

4.1 

1.47 

68.2 

2  1937 

2.84 

2 

550. 

4.6 

3.58 

27.9 

2  1935 

2.13 

3 

966. 

8,0 

5.69 

17.6 

8  1961 

1 . 76 

4 

1335. 

11.1 

7.81 

12.8 

2  1941 

1 .51 

5 

1335. 

11.1 

9.92 

10.1 

2  1936 

1 .31 

6 

1456. 

12.1 

12.04 

8.3 

2  1939 

1.15 

7 

1491 . 

12.3 

14.15 

7.1 

9  1937 

1 .02 

8 

1552. 

12.8 

16.26 

6.1 

9  1952 

.90 

9 

1853. 

15.3 

18.38 

5.4 

9  1959 

.79 

10 

1980. 

16.4 

20.49 

4.9 

1  1962 

.70 

11 

2009. 

16.6 

22.61 

4.4 

11  1937 

.61 

12 

2155. 

17.8 

24.72 

A  «_Q_ 

_ 2_126Q_ 

.....J53L 

13 

2204. 

18 . 3 

26.83 

3.7 

3  1940 

.46 

14 

2285. 

18.9 

28.95 

3.5 

12  1938 

.39 

1.5. _ 

2475. 

.2  0.^5  _ 

_3 

3.2 

_ 8_1221_  _ 

_  ,32. 

16 

2587. 

21.4 

33.18 

3.0 

12  1936 

.26 

17 

2638. 

21.8 

35.29 

2.8 

9  1967 

.20 

_  _18 _ 

_ 2638, _ 

2L..8 

_ 37 » 4Q_ 

_ 2  ,_Z _ 

_ 9..1256 _ 

-.14 

19 

2656. 

22.0 

39.52 

2 . 5 

8  1939 

,09 

20 

2663. 

22.1 

41.63 

2.4 

2  1938 

.03 

21 

_ 2Z12L. . 

_  22,5 

.43,25. 

2,3 

8.  1240 

-.02 

22 

2717. 

22.5 

45.86 

2.2 

8  1938 

-.07 

23 

2768, 

22.9 

47.97 

2.1 

12  1934 

-.12 

24 

.  2777,  . 

23.0 

.50,09 

. .  2  .  0  .. 

.  8  .1946  .. . 

-.17 

C-19 


( continued ) 


•  1 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47 _ _ _0  3 _ 

EFFECTIVE  YEARS 
46.83 


NUMBER 

VOLUME 

RATE 

EXCEED 

RFCUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

GUMBEL  1 

1 

997. 

5.5 

1.47 

68.1 

2 

1937 

2.83 

9 

1058. 

5.8 

3.59 

27.9 

2 

1935 

2.13 

3 

1867. 

10,3 

5.70 

17,5. 

9  . 

1961 

1.76 

4 

2386. 

13.2 

7.82 

12.8 

9 

1939 

1.51 

5 

2387. 

13.2 

9 . 94 

10.1 

10 

1937 

1 .31 

6 

3012. 

16.6 

12.06 

8.3 

3_ 

-1.936 

1.15 

7 

3072. 

17.0 

14.18 

7.1 

3 

1941 

1.01 

8 

3576. 

19.7 

16.29 

6.1 

1 

1962 

.90 

9 

3593. 

19.8 

18.41 

5.4 

2 

1938 

.79 

10 

3715. 

20.3 

20.53 

4 . 9 

10 

1959 

.  70 

11 

3978. 

22.0 

22.65 

4.4 

3 

1940 

.61 

12 

4282. 

23.6 

24.76 

4.0 

9 

1960 

.53 

13 

*  420 . 

24,4 

26.88 

3.7 

11 

1938 

.46 

14 

4705. 

26.0 

29.00 

3.4 

9 

1939 

.39 

15 

4765. 

26.3 

31 . 12 

3.2 

9 

1940 

.32 

16 

4765. 

26.3 

33.23 

3.0 

9 

1931 

.26 

17 

5007. 

27.6 

35.35 

2.8 

9 

1945 

.20 

18 

5044. 

27.8 

37.47 

2.7 

10 

L958 

.  14 

19 

5113. 

28.2 

39.59 

2.5 

12 

1963 

.08 

20 

5309. 

29.3 

41.71 

2.4 

9 

1946 

.03 

21 

5465. 

30.2 

43.82 

2.3 

2 

1934 

-.02 

22 

5466. 

30.2 

45.94 

2.2 

10 

1952 

-.07 

23 

5647. 

31.2 

48,06 

2.1 

10 

1967 

-.12 

24 

5656, 

31.2 

50.18 

2,0 

12 

1935 

-.17 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  4 

EFFECTIVE  YEARS 
46 . 75 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

i 

2192. 

9 . 1 

1.47 

67.9 

3 

1937 

2.83 

2 

3307. 

13.7 

3.59 

27.8 

10 

1937 

2.13 

3 

3318. 

13.7 

5.71 

17.5 

2 

1935 

1.76 

4 

3741 . 

15.5 

7.84 

12.8 

2 

1939 

1.50 

5 

4266. 

17.7 

9.96 

10.0 

9 

1961 

1.31 

6 

4707. 

19.5 

12.08 

8.3 

2 

1938 

1 .15 

7 

4829. 

20.  T 

14.20 

7.0 

1 1 

1959 

1.01 

8 

4969. 

20.6 

16.32 

6 . 1 

3 

1936 

.89 

9 

5089. 

21 . 1 

18.44 

5.4 

3 

1941 

.79 

10 

5782. 

23.9 

20 . 56 

4,9 

10 

1938 

.70 

11 

5935. 

24.6 

22.69 

4.4 

3 

1940 

.61 

12 

6627. 

27.4 

24.81 

4,0 

10 

1939 

.53 

13 

6688. 

27.7 

26.93 

3.7 

10 

1940 

.45 

14 

6920. 

28.7 

29.05 

3,4 

12 

1963 

.38 

15 

6929. 

28.7 

31.17 

3.2 

10 

1931 

.32 

16 

7128. 

29.5 

33.29 

3.0 

1 

1962 

.25 

17 

7423. 

30.7 

35.42 

2.8 

2 

1934 

.20 

18 

7895. 

32.7 

JL7_._54 

2  l7- 

_ 1  QlJL53S> _ 

_ 1 14 ... 

19 

8149. 

33.7 

39.66 

2.5 

11 

1936 

.08 

20 

8270. 

34.2 

41.78 

2.4 

11 

1932 

.03 

21 

8511  . 

35.2 

43.90 

2.3 

11 

1935 

-.02 

22 

8740. 

36.2 

46.02 

2.2 

8 

1934 

-.07 

23 

8861  . 

36.7 

48.14 

2.1 

10 

1967 

-.12 

24 

9042. 

37.4 

50.27 

2  •  0_ 

_10_ 

_.L2.3J5 _ 

-.17 

C-21 


(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  _ 0  .  6_ 

EFFECTIVE  YEARS 
46.58 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

: 

.  * 

AC-FT 

...  _  .CFS 

_I.MIL  . 

-DAZE _ 

GUM BEL -K  j 

1 

5350. 

14.8 

1.48 

67.7 

12 

1937 

2.83  | 

2 

6253. 

17.3 

3.61 

27.7 

3 

1937 

2.13 

3 

6806. 

.  ..  .18,8 

...  5.73 

.  17j  4. . 

.2 

.1939. 

1 .76 

4 

7530. 

20.8 

7.86 

12.7 

2 

1935 

1.50 

5 

8188. 

22.6 

9.99 

10.0 

12 

1961 

1.31 

\ 

6 

8668. 

23.9 

12.12 

8.2 

...  3 

L936 

1 .15 

7 

9031  . 

24.9 

14.25 

7.0 

3 

1941 

1.01 

8 

9815. 

27.1 

16.38 

6,1 

3 

1940 

.89 

9 

10793. 

29.8 

18.51 

5.4 

1 

1964 

.79 

10 

11086. 

30.6 

20.64 

4.8 

12 

1931 

.69 

n 

11 

11325. 

31.3 

22.77 

4.4 

3 

1934 

.61 

12 

11629. 

32.1 

24,90 

4.0 

12 

1959 

.53 

13 

14708. 

40.6 

27.02 

3.7 

12 

1932 

.45 

14 

17867. 

49.3 

29.15 

3.4 

tl 

1930 

.38 

15 

19671  . 

_  54 . 3 

31.28 

3.2 

7 

1938 

.31 

16 

20861. 

57.6 

33.41 

3,0 

10 

1958 

.25 

17 

21494. 

59.3 

35.54 

2.8 

9 

1940 

.19 

18 

21977. 

60.7 

37.67 

2.7 

9 

1939 

.13 

19 

24006. 

66.3 

39.80 

2.5 

12 

1960 

.08 

* 

to  . 

20 

24307. 

67.  1 

41.93 

2.4 

12 

1967 

.03 

to 

21 

26686. 

73.7 

44.06 

2.3 

9 

1935 

-.03 

22 

26961 . 

74.4 

46.19 

2.2 

3 

1974 

-.08 

f 

23 

27930. 

77.1 

48.31 

2.1 

12 

1945 

-.13 

24 

29327. 

*  81.0 

50.44 

2.0 

1 

1953 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 


EFFECTIVE  YEARS 
46.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

11861 . 

21.8 

1.48 

67.3 

1938 

2.83 

2 

12646. 

23.3 

3.63 

27.6 

9 

1939 

2.12 

3 

12649. 

23.3 

5.77 

17.3 

3 

1937 

1.75 

4 

13796. 

25.4 

7.91 

12.6 

3 

1941 

1.50 

5 

14520. 

26.7 

10.05 

10.0 

3 

1940 

1.30 

6 

15423, 

28.4 

12.19 

8.2 

2 

1935 

1 .14 

7 

16211 . 

29.8 

14,33 

7.0 

3 

1962 

1.01 

8 

16694. 

30.7 

16.47 

6.1 

3 

1936 

.89 

9 

18445. 

33.9 

18.61 

5.4 

3 

1934 

.78 

10 

20754. 

38.2 

20.75 

4.8 

1 

1932 

.69 

11 

24603. 

45.3 

22.89 

4.4 

3 

1964 

.60 

12 

30577. 

56.3 

25.03. 

4.0 

2 

1933 

.52 

13 

32874. 

60.5 

27. 17 

3.7 

3 

1960 

.45 

14 

37221. 

68.5 

29.31 

3.4 

3 

1959 

.38 

15 

40478. 

74.5 

31.45 

3.2 

2 

1931 

.31 

16 

47242. 

86.9 

33.59 

3.0 

3 

1974 

.25 

17 

48390. 

89.1 

35.73 

2.8 

3 

1975 

.19 

18 

48571. 

89,4 

3  7  ♦  9  7_ 

2.6 

3 

1961 

.  13 

19 

48933. 

90.1 

40.01 

2.5 

3 

1968 

.07 

20 

49356. 

90.8 

42.15 

2.4 

3 

1948 

.02 

21 

49537. 

91.2 

44.29 

2.3 

3 

1956 

-.03 

22 

49718. 

91.5 

46.43 

2.2 

3 

1957 

-.08 

23 

51408. 

94.6 

48.57 

2.1 

3 

1946 

-.13 

24 

53829. 

9.9 .1. 

.  5.0..Z1 

_  2.0 

4 

_1 953  . 

-  ,.l  8_ 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


47  _ 

0 

12 _ _ _  _ 

EFFECTIVE  YEARS 

46 . 08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

J'ATE  .. 

GUM  BEL.  K 

1 

18510. 

25.5 

1.49 

67.0 

11 

1937 

2.82 

2 

27385. 

37.8 

3.64 

27.4 

2 

1935 

2.12 

3 

27747. 

38.3 

5.80 

.17.,  3 _ 

-2 

.  19.3.9 _ 

_1 .75 

4 

29257. 

40 . 4 

7.95 

12.6 

2 

1941 

1 . 49 

5 

29981  . 

41.4 

10.10 

9.9 

3 

1962 

1.30 

6 

35354. 

4.8 . 8 

.12.25. 

_ . 

.  3_ 

1936  _ . . 

..  1,1.4 

7 

42418. 

58.5 

14.40 

6.9 

2 

1940 

1.00 

8 

49602. 

68.5 

16.56 

6.0 

12 

1959 

.88 

9 

49784. 

68, .7 

18 .2JL 

_5.3_ ... 

.  3 

1932 _ 

.78 

10 

57028. 

78.7 

20.86 

4.8 

6 

1964 

.68 

11 

67594. 

93.3 

23.01 

4.3 

7 

1957 

.60 

12 

69526. 

96.0 

25.16 

4.0 

2 

1934. 

.52 

13 

74899. 

103.4 

27.32 

3.7 

12 

1958 

.44 

14 

90596. 

125.0 

29.47 

3.4 

6 

1968 

.37 

15 

92407. 

127.5 

31.62 

_3-*  2 _ 

A 

1953 

.30 

16 

93735. 

129.4 

33.77 

3.0 

3 

1956 

.24 

17 

95667, 

132.0 

35.92 

2.8 

3 

1946 

.  18 

18 

95848. 

132.3. 

38.07 

,2.6 

6 

1954.. 

.12 

19 

102368. 

141,3 

40.23 

2.5 

3 

1931 

.07 

20 

103334. 

142.6 

42.38 

2.4 

4 

1942 

.01 

21 

109794. 

151,5 

44.53 

2.2 

3 

1947 

-.04 

22 

110881  . 

133.0 

46.68 

2.1 

8 

1944 

-.09 

23 

119816. 

165.4 

48.83 

2.0 

3 

1974 

-.14 

24 

143784. 

198.5 

50.99 

2.0 

12 

1960 

-.19 

f 


(continued ) 


YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 
24 


EFFECTIVE  YEARS 
45.08 


UMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

47465. 

32.8 

1.53 

65.5 

11 

1938 

2.81 

2 

62317. 

43.0 

3.72 

26.8 

3 

1941 

2.10 

3 

63826. 

44.0 

5.92 

16.9 

3 

1936 

1.73 

4 

117679. 

81.2 

8.12 

12.3 

3 

1960 

1 . 47 

5 

129029. 

89.0 

10.32 

9.7 

2 

1933 

1.28 

6 

156801  . 

108.2 

12.52 

8.0 

3 

1965 

1 .  12 

7 

177086. 

122.2 

14.72 

6.8 

3 

1962 

.98 

8 

193870. 

133.8 

16.92 

5.9 

3 

1956 

.86 

9 

205461  . 

141.8 

19.12 

5.2 

3 

1947 

.76 

10 

254182. 

175.4 

21.32 

4.7 

3 

1943 

♦  6  6 

11 

256960. 

177.3 

23.52 

4.3 

3 

1958 

.58 

12 

299523. 

206.7 

25.72 

3.9 

5 

1953 

.50 

13 

309786. 

213.8 

27.92 

3.6 

3 

1969 

.42 

14 

386822. 

267.0 

30.12 

3.3 

3 

1975 

.35 

15 

391893. 

270.5 

32.31 

.  3.1 

3 

1945 

.28 

16 

435603. 

300.6 

34.51 

2.9 

6 

1949 

.22 

17 

442788. 

305.6 

36.71 

2.7 

9 

1971 

.  16 

18 

669730 . 

462.2 

38,91 

2,6 

3 

1967 

.10 

C-25 


( cont lnued j 


1 

'  YEARS  (RECORD.)  _MONIHS  DURATJON_IK.  MONTHS _ 

47  0  48 

EFFECTIVE  YEARS 
43.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

118174. 

40.8 

1.60 

62.7 

11  1940 

2.77 

2 

_1 8  5  9 1 3 . 

.  64.2 . 

25_,2_ 

_9  1 936_ 

2.06 

3 

294765. 

101.7 

6.20 

16.1 

3  1962 

1 . 69 

4 

409353. 

141.3 

8.50 

11.8 

8  1957 

1 . 44 

550143...  _ 

.  _  1S2.8. 

_ IQj.80 

9.3 

3  1948 

1 .24 

6 

815543. 

281.4 

13.10 

7.6 

12  1966 

1.08 

7 

939609. 

324.2 

15.40 

6.5 

3  1974 

.94 

.8 _ 

_  974L43_« _ 

. 336.2 ... 

_L7  ,_70_ 

_ 5_t2__ 

.  5l  1953 

.83 

INDEPENDENT  EVENTS  EXHAUSTED 


1 

YEARS  (RECORD)  .MONTHS  _  DURATION.  Ii!  MONTHS _ 

47  0  96 

EFFECTIVE  YEARS  __ 

39.08 

NUMBER  VOLUME  RATE  EXCEED  RECUR  ENDING 

AC-FT  CFS  FREQ  INT  DATE  GUMBEL  K 

1  272089.  46.9  1.76  56.9  3  1941  2.69 

2  _7.4532_4«_  _  128,6  _4...2:9___.21,.3.  ...J5_19_62 ...  1.99 

3  1357535.  234.2  6.82  14.7  3  1949  1.62 

4  1805382.  311.5  9.36  10.7  12  1970  1,36 

INDEPENDENT  .EVENTS  EXHAUSTED 

1 

READY. 


Maple 

River  at 

Mapleton  - 

Year  2030  and 

Year  1980 

Cases 

MAPLE 

"river  at 

MAPLETON 

YEARS  (RECORD)  MONTHS  DURATION  IN 

MONTHS 

47 . 

.0 

*•) 

EFFECTIVE 

YEARS 

46.92 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE.. 

GUMBEL  K 

1 

0 

0 

1 .47 

68.2 

8  1931 

2 . 84 

o 

0 

0 

3.58 

27.9 

2  1933 

2.13 

3 

0 

0 

5.69 

17.6 

10  1933 

1.76 

4 

0 

0 

7.81 

12.8 

12  1933 

1.51 

5 

0 

0 

9.92 

10. 1 

2  1934 

1.31 

6 

0 

0 

12.04 

8.3 

9  1935 

1 .  15 

7 

0 

0 

14.15 

7.1 

11  1935 

1.02 

8 

0 

0 

16.26 

6.1 

2  1937 

.90 

9 

0 

0 

18,38 

5j  4 

2  1.9 .3.8  _ 

.79 

10 

0 

0 

20.49 

4.9 

9  1938 

.70 

11 

0 

'  0 

22.61 

4.4 

10  1939 

.61 

12 

0 

0 

24.72 

4.0 

12  1939 

.53 

13 

0 

0 

26.83 

3.7 

2  1940 

.  46 

14 

0 

0 

28.95 

3.5 

10  1940 

.39 

15 

0 

0 

31.06 

3.2 

1  1941 

.32 

16 

0 

0 

33.18 

3,0 

2  1944 

.26 

17 

0 

0 

35.29 

2.8 

2  1945 

.20 

18 

0 

0 

37.40 

2.7 

2  1946 

.  14 

19 

0 

0 

39.52 

2.5 

9  1946 

.09 

20 

0 

0 

41.63 

2.4 

2  1947 

.03 

21 

0 

0 

43.75 

2.3 

2  1949 

-.02 

22 

0 

0 

45.86 

2.2 

9  1949 

-.07 

23 

0 

0 

47.97 

2.1 

2  1950 

-.12 

n  a 

n 

0 

50.09 

2.0 

3  1952 

-.17 

YEARS  (RECORD)  MONTHS 
47  0 

EFFECTIVE  YEARS 

46.83 

NUMBER  VOLUME 

(continued ) 

DURATION  IN 
3 

RATE  EXCEED 

MONTHS 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

INT 

DATE. _ 

-QUMBEL  K 

1 

0 

0 

1.47 

68.1 

11 

1933 

2.83 

2 

0 

0 

3.59 

27.9 

2 

1934 

2.13 

3 

0 

0 

5.70 

17.5 

10 

1935 

1.76 

4 

0 

0 

7.82 

12.8 

10 

1938 

1.51 

5 

0 

0 

9.94 

10.1 

11 

1939 

1.31 

6 

0 

0 

12.06 

8.3 

2 

1940 

1  »_15 

7 

0 

0 

14.18 

7.1 

2 

1941 

1.01 

8 

0 

0 

16.29 

6.1 

10 

1949 

.90 

9 

0 

0 

18.41 

5.4 

3 

1956 

.79 

10 

0 

0 

20.53 

4.9 

10 

1956 

.70 

11 

0 

0 

22.65 

4.4 

9 

1959 

.61 

12 

0 

0 

24.76 

4.0 

10 

1.960 

.53 

13 

0 

0 

26.88 

3.7 

1 

1961 

.46 

14 

0 

0 

29.00 

3.4 

3 

1969 

.39 

15 

_ 0 _ 

0 

31,12 

3,  2 _ 

3_ 

197.4 

...  .32  . 

16 

60. 

.3 

33.23 

3.0 

2 

1933 

.26 

17 

60. 

.3 

35.35 

2.8 

2 

1937 

.20 

3.Z,_4Z_ 

39.5? 

41.71 

43.82 

45.94 

48.06 

50,18 


2  1946 
2  1947 


10  1952 
3  .JL9.55 


( cont lnued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


47 

0. 

4 

-  . 

EFFECTIVE 

YEARS 

46.75 

...  -  —  - 

— 

— - 

— 

— 

. 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ, 

INT 

DATE _ 

GUMBEL  » 

1 

0 

0 

1.47 

67.9 

12 

1933 

2.83 

2 

0 

0 

3.59 

27.8 

11 

1935 

2.13 

3 

0 

0 

,5.71 

17.5 

12 

1939.  , 

1,76 

4 

0 

0 

7.84 

12.8 

11 

1960 

1.50 

5 

60. 

.3 

9.96 

10.0 

12 

1940 

1.31 

6 

60. 

.3 

12.08 

8.3 

3 

1956 

1  .  15 

7 

121 . 

•  s 

14.20 

7.0 

10 

1938 

1.01 

8 

121  . 

.5 

16.32 

6 . 1 

2 

1959 

.89 

9 

181 . 

.8 

18.44 

5.4 

3 

1937 

.79 

10 

181 . 

.8 

20.56 

4.9 

2 

1946 

.  70 

11 

181 . 

.8 

22.69 

4.4 

11 

1949 

.61 

12 

181 . 

.8 

24.81 

4.0 

11 

1952 

.53 

13 

181  . 

.8 

26.93 

3.7 

10 

1956 

.45 

14 

181 . 

.8 

29.05 

3.4 

3 

1962 

.38 

15 

181  . 

.8 

31 .17 

3.2 

3. 

19,65 

.32 

16 

181  . 

.8 

33.29 

3.0 

3 

1969 

.25 

17 

241 . 

1.0 

35.42 

2.8 

10 

1932 

.20 

18 

241. 

1.0 

.37.54 

2.7 

3 

1955 

.14 

19 

241  . 

1.0 

39.66 

2.5 

11 

1959 

.08 

20 

241  . 

1.0 

41.78 

2.4 

3 

1974 

.03 

21 

302. 

1.3 

43.90 

2.3 

9 

.  - 

1933 

-.02 

22 

362. 

1.5 

46.02 

2.2 

10 

1931 

-.07 

23 

362. 

1.5 

48.14 

2.1 

3 

1936 

-.12 

24 

362. 

1.5 

50.27 

2.0 

2 

1939 

-.17 

C-29 


( cont  lnue'1 ) 


YEARS  ( RECORD )  MONTHS  DURATION  IN  MONTHS 

47  0  6 

EFFECTIVE  YEARS 
46.58 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

0 

0 

1.48 

67.7 

1934 

2.83 

2 

0 

0 

3.61 

27.7 

2 

1940 

2.13 

3 

0 

0 

5.73 

17.4 

1 

1961 

1.76 

4 

60. 

.2 

7.86 

12.7 

9 

1941 

1.50 

5 

181  . 

» 5 

9.99 

10.0 

1 

1936 

1.31 

6 

241 . 

.7 

12.12 

8.2 

1946 

1 .15 

7 

241  . 

.7 

14.25 

7.0 

i 

1950 

1.01 

8 

241 . 

.7 

16.38 

6 . 1 

2 

1956 

.89 

9 

302. 

.8 

18,51 

5.4 

9 

1960 

.79 

10 

362. 

1.0 

20.64 

4.8 

9 

1933 

.69 

11 

362. 

1.0 

22.77 

4.4 

i 

1939 

.61 

12 

362. 

1.0 

24.90 

4.0 

i 

1953 

.53 

13 

423. 

1.2 

27.02 

3.7 

2 

1937 

.45 

14 

483. 

1.3 

29.15 

3.4 

3 

1955 

.38 

15 

543. 

1.5 

31.28 

3.2 

2 

1959 

.31 

16 

604. 

1.7 

33.41 

3.0 

1 

1957 

.25 

17 

664. 

1.8 

35.54 

2.8 

2 

1938 

.19 

18 

664. . 

_1..8__ 

3JL.A7- 

_2.7 

2 

1949 

.  13  _ 

19 

664. 

1.8 

39.80 

2.5 

2 

1968 

.08 

20 

724. 

2.0 

41.93 

2.4 

2 

1931 

.03 

21 

724. 

2.0 

44.06 

2.3 

12 

1931 

-.03 

22 

724. 

2.0 

46,19 

2.2 

2 

1935 

-.08 

23 

724. 

2.0 

48.31 

2.1 

i 

1947 

-.13 

24 

724. 

2,0. 

_50. 44 

2.0 

9 

1951 

-.17 

( continued  ) 


| 

9  r 


*  YEARS  (RECORD)  HONTHS  DURATION  IN  MONTHS 

47  . . _ — .  ? 


EFFECTIVE 

YEARS 

46.33 

NUMBER 

VOLUME 

AC-FT 

1 

181  . 

2 

241  . 

3 

483. 

4 

664. 

5 

664. 

6 

845. 

7 

1147. 

8 

1207. 

? 

,1_449_. 

10 

1509. 

11 

1630. 

12 

1630. 

13 

1630. 

14 

1811 . 

15 

1932. 

16 

1992. 

17 

1992. 

18 

2173. 

1? 

2234. 

20 

2475. 

21 

2596, 

22 

2656. 

23 

2777. 

24 

2777. 

RATE 

EXCEED 

RECUR 

CES 

FREQ 

INT 

.3 

1.48 

67.3 

.4 

3.63 

27.6 

.9 

-5.77 

17.3 

1.2 

7.91 

12.6 

1.2 

10.05 

10.0 

1 . 6 

12.19 

8.2 

2.1 

14.33 

7 . 0 

2.2 

16.47 

6.1 

_ 2.i  7_ 

. -18.61 

5.4 

2.8 

20.75 

4.8 

3.0 

22.89 

4.4 

3.0 

25.03 

4.0 

3.0 

27.17 

3.7 

3.3 

29.31 

3.4 

3.6 

31.45 

3.2 

3.7 

33.59 

3.0 

3.7 

35.73 

2.8 

4.0 

37.87 

2.6 

4.1 

40.01 

2.5 

4.6 

42,15 

2.4 

4,8 

44.29 

2.3 

4.9 

46.43 

2.2 

5.1 

48.57 

2.1 

5,1 

50.71 

2.0 

ENDING 


DATE 

GUMBEL  K 

3 

1940 

2.83 

3 

1934 

2.12 

1961 

1.75 

•> 

1933 

1.50 

3 

1936 

1.30 

3 

1937 

1-.  1 4 

2 

1950 

1.01 

3 

1957 

.89 

2 

1  931 

. _JZ8_ 

2 

1947 

.69 

r> 

1939 

.60 

2 

1946 

.52 

3 

1955 

.45 

3 

1941 

.38 

<? 

1932 

.31 

2 

1938 

.25 

3 

1962 

.19 

4 

1959 

.13 

3 

1974 

.07 

3 

1964 

.02 

3 

1949 

-.03 

3 

1965 

-.08 

3 

1948 

-.13 

3 

1952 

-.18 

P 


L 


Itf 


/•  .*»  **•  ,*•  .** /- ,**  .*•  .*• 

«»;»■*»  u  h..>  Vi.*  fc>hU>h'. 


C-31 


%  - 


( cont inued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  12 


EFFECTIVE  YEARS 
46.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

*  1 

2717. 

3.8 

1.49 

67.0 

3 

1940 

2.82 

2 

3200. 

4.4 

3.64 

27.4 

5 

1934 

2.12 

3 

4045. 

5.6 

5.80 

17.3 

7 

1961 

1.75 

4 

4105. 

5.7 

7.95 

12.6 

3 

1936 

1.49 

5 

4468, 

6.2 

10.10 

9.9 

5 

1957 

1 . 30 

6 

4649. 

6.4 

12.25 

8.2 

4 

1937 

1.14 

7 

5132. 

7.1 

14.40 

6.9 

3 

1955 

1.00 

8 

5494. 

7.6 

16.56 

6.0 

12 

1938 

.88 

9 

6158. 

8.5 

18.71 

5.3 

5 

1959 

.78 

10 

8150. 

11.3 

20  86 

4.8 

4 

1953 

.68 

1 1 

8392. 

11.6 

23.01 

4.3 

5 

1933 

.60 

12 

8996. 

12.4 

25.16 

4.0 

3 

1974 

.52 

13 

11350. 

15.7 

27.32 

3.7 

5 

1  9o8 

.44 

14 

11531 . 

15.9 

29.47 

3,4 

3 

1941 

.37 

15 

11773. 

16.3 

31.62 

3.2 

8 

1944 

.30 

16 

12014. 

16.6 

33.77 

3.0 

3 

1932 

.24 

17 

12376. 

17.1 

35.92 

2.8 

3 

1947 

.18 

18 

12618. 

17.4 

38.07 

2.6 

4 

1956 

.12 

19 

13282. 

18.3 

40.23 

2.5 

4 

1942 

.07 

20 

13282. 

18.3 

42.38 

2.4 

4 

1964 

.01 

21 

13946. 

19.3 

44.53 

2.2 

12 

1945 

-.04 

22 

15214. 

21.0 

46.68 

2 . 1. 

12 

1949 

-.09 

23 

16361  . 

22.6 

48 . 83 

2.0 

5 

1958 

-  .  14 

24 

16603. 

22.9 

50,99 

2.0 

3 

1931 

-  .  19 
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t 


rr 


■ 

* . 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  _  24 

EFFECTIVE  YEARS 
45.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FRJvQ _ 

_.JNJ _ 

D.AJE 

GUMBEL  1 

1 

11229. 

7.8 

1.53 

65.5 

4  1938 

2.81 

•y 

11471  . 

7.9 

3.72 

26.8 

4  1935 

2.10 

3 

14248. 

9.8 

5.92 

16.9 

3  1941 

1.73 

4 

17870. 

12.3 

8.12 

12.3 

7  1957 

1.47 

5 

22097. 

15.3 

10.32 

9.7 

2  1960 

1.28 

6 

23183. 

16.0 

12.52 

8.0 

3  1933 

1 .  12 

7 

23787. 

16.4 

14.72 

6.8 

6  1955 

.98 

8 

26685. 

18.4 

16.92 

5,9 

12  1945 

.86 

9 

29221 . 

20.2 

19,  12 

5.2 

3  1962 

.76 

10 

30911  . 

21 .3 

21.32 

4.7 

3  1965 

.66 

11 

44918. 

31.0 

23.52 

4.3 

3  1943 

.58 

12 

53128. 

36.7 

25.72 

3.9 

1  1950 

.50 

13 

55905. 

38.6 

27.92 

3.6 

3  1969 

.42 

14 

59769. 

41.3 

30.12 

3.3 

3  1975 

.35 

15 

67316. 

46.5 

32.31 

4.1 95  3 

.28 

16 

103600. 

71.5 

34.51 

2.9 

12  1947 

.22 

17 

115675. 

79.8 

36,71 

2.7 

6  1972 

.16 

18 

202672 

_ 13.9 .  9. 

.38,91.  _ 

_  2.6 

3  1967 

.  10 

INDEPENDENT  EVENTS  EXHAUSTED 


i 


r 


C 


(continued ) 


YEARS  (RECORD)  MONTHS  .  _  DJURAT 1 0N_.IN  MONTHS 

47  0  48 


EFFECTIVE  YEARS 
43.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT  . 

CFS 

FRED 

INT 

DATE 

GUMBEL  1 

1 

26564. 

9.2 

1.60 

62.7 

4  1937 

2.77 

9 

39484. 

13.6 

3.90. 

25,7 

8  1957 

2.06 

3 

40752. 

14.1 

6.20 

16.1 

4  1941 

1.69 

4 

53611 . 

18.5 

8.50 

11.8 

3  1962 

1.44 

5 

63694. 

22.0 

10.80 

9.3 

1  1947 

1.24 

6 

179610. 

62.0 

13.10 

7.6 

7  1951 

1.08 

7 

191503. 

66.1 

15.40 

6.5 

3  1975 

.94 

8 

229659. 

79.3 

17.70 

5.7 

12  1966 

.83 

9 

297699. 

102.7 

20.00 

5.0 

2  1971 

.72 

INDEPENDENT  EVENTS  EXHAUSTED 

4 

1 

YEARS  (RECORD)  MONTHS 

DURATION  IN 

MONTHS 

47 

0 

96 

EFFECTIVE 

YEARS 

39.08 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ. 

INT 

DATE 

GUMBEL  1 

1 

60735. 

10.5 

1,76 

56.9 

5  1940 

2.69 

2 

95389. 

16.5 

4.29 

23.3 

3  1962 

1.99 

3 

234066. 

40.4 

6.82 

14.7 

1  1950 

1.62 

4 

494274. 

85.3 

9.36 

10.7 

3  1974 

1.36 

INDEPENDENT  EVENTS  EXHAUSTED 

1 

READY. 


Red  River  at  Rustad  -  Year  2030  Case 


RED  RIVER  AT  RUSTAD 


YEARS  (RECORD)  MONTHS 
47  0 


EFFECTIVE 

46.92 

YEARS 

NUMBER 

VOLUME 

AC-FT 

1 

1402. 

2 

1583. 

3 

1885. 

4 

3394. 

5 

3938. 

6 

3998. 

7 

4239. 

8 

4360. 

9 

4541 . 

10 

4602. 

11 

4722. 

12 

4783. 

13 

5085. 

14 

5205. 

15 

5394. 

16 

5394. 

17 

5394. 

18 

5455. 

19 

5455. 

20 

5688. 

21 

5817. 

22 

5990. 

23 

6473. 

24 

6508. 

DURATION  IN  MONTHS 


RATE 

EXCEED 

RECUR 

CFS 

FREQ 

INT 

11.6 

1.47 

68.2 

13.1 

3.5  8 

27.9 

15.6 

5.69 

17.6 

28.1 

7.81 

12.8 

32.6 

9.92 

10.1 

33.1 

12.04 

8.3 

35.1 

14.15 

7.1 

36.1 

16.26 

6.1 

37,6 

18.38 

5.4 

38.1 

20.49 

4.9 

39.1 

22.61 

4.4 

39.6 

24.72 

4.0 

42.1 

26.83 

3.7 

43.1 

28.95 

3.5 

44.7 

31.06 

3.2 

44.7 

33.18 

3.0 

44.7 

35.29 

2.8 

45.2 

37.40 

2.7 

45.2 

39.52 

2.5 

47,1 

41.63 

2.4 

48.2 

43.75 

2.3 

49.6 

45.86 

2.2 

53.6 

47.97 

2.1 

53.9 

50.09 

2.0 

ENDING 

DATE  GUMBEL  K 


1 

1937 

2.84 

2 

1933 

2.13 

<7 

1935 

1.76 

12 

1940 

1.51 

12 

1932 

1.31 

12 

1934 

1 .  15 

1 1 

1931 

1.02 

2 

1934 

.90 

12 

1970 

.79 

12 

1939 

.70 

12 

1933 

.61 

11 

1936 

.53 

11 

1935 

.46 

“5 

a— 

1940 

.39 

10 

1939 

.32 

10 

1933 

.26 

10 

1934 

.20 

10 

1940 

.14 

10 

1932 

.09 

1 

1936 

.03 

10 

1930 

-.02 

1 

1938 

-.07 

2 

1970 

-.12 

9 

1976 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  3 

EFFECTIVE  YEARS 
46.83 


UMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

-DATE 

GUMBEL  K 

1 

2103. 

11.6 

1.47  * 

68.1 

2  1937 

2.83 

2 

3190. 

17.6 

3.59 

27.9 

2  1933 

2.13 

3 

3491  . 

19.3 

5.70 

17.5 

2  1935 

1 . 76 

4 

5906  . 

32.6 

7.82 

12.8 

12  1940 

1.51 

5 

6570. 

36.3 

9.94 

10.1 

2  1934 

1.31 

6 

7053. 

38.9 

12.06 

8v3 

121739- 

1 .15 

7 

7182. 

39.7 

14.18 

7.1 

11  1931 

1.01 

8 

7717. 

42.6 

16.29 

6.1 

12  1935 

.90 

9 

7725. 

42.7 

1'8»'41' 

-5v4- 

11-1936 

.79 

10 

7786. 

43.0 

20.53 

4.9 

11  1934 

.70 

11 

7786. 

43.0 

22.65 

4.4 

11  1932 

.61 

12 

7906. 

43  i  7 

24—76- 

4  TO 

11—1733 

.53 

13 

8442. 

46.6 

26*88 

3.7 

1  1971 

.46 

14 

9383. 

51.8 

29.00 

3.4 

10  1930 

.39 

15 

9589. 

52.9 

31rl2 

3.2 

- -2-1738 

.32 

16 

11393. 

62.9 

33.23 

3.0 

8  1932 

.26 

17 

11816. 

65.2 

35.35 

2.8 

8  1934 

.20 

18 

11944. 

65.9 

37.47— 

2T7 

“ -1—1770 

.  14 

19 

12341 . 

68.1 

39.59 

2.5 

10  1938 

.08 

20 

12487. 

68.9 

41.71 

2.4 

2  1931 

.03 

21 

12859. 

71.0 

43.82 

2.3 

9  1940 

-.02 

22 

13151 . 

72.6 

45.94 

2.2 

2  1932 

-.07 

23 

13325. 

73.6 

48.06 

2.1 

8  1936 

-.12 

24 

13393. 

73.9 

50.18 

2.0 

1-1939 

-.17 

' cont inued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


47 

0 

—  i 

4 - 

- - 

“ 

EFFECTIVE 

YEARS 

46.75 

_  --  - 

-  - 

— 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

4494. 

18.6 

1.47 

67.9 

9 

1937 

2.83 

2 

5521  . 

22.9 

3.39 

27.8 

n 

1933 

2.13 

3 

5883. 

24.4 

5.71 

-17. 5 

2 

1935 

1.76 

4 

8849. 

36.6 

7,84 

12.8 

12 

1940 

1.50 

5 

9083. 

37.6 

9.96 

10.0 

2 

1934 

1 .31 

6 

9686. 

40.1 

12  i  08 

8.3 

1 

1940 

1  .  15 

7 

10539. 

43.6 

14.20 

7.0 

12 

1931 

1 .01 

8 

10600. 

43.9 

16.32 

6.1 

12 

1935 

.89 

9 

12896. 

53.4 

18.44 

5.4 

10 

1936 

.79 

10 

12956. 

53.6 

20.56 

4.9 

10 

1934 

.70 

11 

12956. 

53.6 

22.69 

4.4 

10 

1933 

.61 

12 

13016. 

53.9 

24.81 

4.0 

10 

1932 

.53 

13 

14705. 

60.9 

26.93 

3.7 

12 

1930 

.45 

14 

15542. 

64.4 

29.05 

3.4 

2 

1938 

.38 

15 

15844. 

65.6 

31.17 

3.2 

2 

1970 

.3? 

16 

16154. 

66.9 

33.29 

3.0 

12 

1938 

.  25 

17 

16810. 

69.6 

35.42 

2.8 

2 

1971 

.20 

18 

21580. 

89.4 

37.54 

2.7 

1 

1930 

.14 

19 

22916. 

94.9 

39.66 

2.5 

12 

1961 

.08 

20 

26613. 

110.2 

41.78 

2.4 

6 

1934 

.03 

21 

27194. 

112.6 

43.90 

2.3 

4 

1931 

-.02 

22 

27315. 

113.1 

46.02 

2.2 

1 

1975 

-.07 

23 

27557. 

114.1 

48.14 

2.1 

4 

1932 

-.12 

24 

28014. 

116,0 

50.27 

2.0 

11 

1941 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 

EFFECTIVE  YEARS 
46  .  58 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

9828. 

27.1 

1.48 

67.7 

2 

1937  * 

2.83 

2 

10975. 

30.3 

3.61 

27.7 

2 

1933 

2.13 

3 

11277. 

31.1 

5.73 

17.4 

2 

1935 

1 . 76 

4 

14477. 

40.0 

7.86 

12.7 

2 

1934 

1.50 

5 

15201 . 

42.0 

9.99 

10.0 

2 

1940 

1 .31 

6 

16677. 

46.0 

12.12 

8.2 

1 

1941 

1  .  15 

7 

17013. 

47.0 

14.25 

7.0 

2 

1936 

1.01 

8 

18308. 

50.5 

16.38 

6.1 

1 

1932 

.89 

9 

22292. 

61.5 

18.51 

5.4 

1 

1931 

.79 

10 

25733. 

71.0 

20.64 

4.8 

1 

1939 

.69 

11 

29691 . 

82.0 

22.77 

4.4 

2 

1970 

.61 

12 

31804. 

87.8 

24.90 

4.0 

2 

1938 

.53 

13 

34175. 

94.3 

27.02 

3.7 

8 

1934 

.45 

14 

35936. 

99.2 

29.15 

3.4 

1 

1962 

.38 

15 

37616.' 

-103,8- 

-  31T28— 

-3T2- 

'8 

rV32 

.31 

16 

43818. 

121.0 

33.41 

3.0 

2 

1971 

.25 

17 

1  O 

44724. 

123.5 

35.54 

2.8 

2 

1957 

.  19 

x  a 

4 5j70 ♦ 

1 25  *  7 

37  ♦  67 

2t7 

X 

*13 

19 

48165, 

133.0 

39.80 

2.5 

2 

1949 

.08 

20 

51485. 

142.1 

41.93 

2.4 

2 

1950 

.03 

21 

53856. 

148,7 

44.06 

2.3 

8 

1933 

-.03 

22 

60481 . 

167.0 

46.19 

2.2 

2 

1968 

-.08 

23 

61074. 

168.6 

48.31 

2.1 

7 

1931 

-.13 

24 

62232. 

171.8 

50.44 

2.0' 

'2 

1961 

-.17 

k  0- 
k  *.•- 


YEARS  (RECORD)  MONTHS 
47  0 


(cent,  inued ) 


DURATION  IN  MONTHS 

9  — 


EFFECTIVE  YEARS 
46.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

-INT 

DATE 

GUMBEL  K 

1 

22368. 

41.2 

1.48 

67.3 

2 

1933 

2.83 

2 

23093. 

42.5 

3.63 

27.6 

1935 

2.12 

3 

23153. 

42.6 

5  s  77 

17.3 

2 

1937 

1 . 75 

4 

28405. 

52.3 

7.91 

12.6 

2 

1934 

1.50 

5 

36927. 

68.0 

10.05 

10.0 

3 

1940 

1.30 

6 

41662. 

76.7 

12.19 

8.2 

4 

1932 

1 .14 

7 

43870. 

80.7 

14.33 

7.0 

3 

1941 

1,01 

8 

44344. 

81.6 

16.47 

6.1 

2 

1936 

.89 

9 

45465. 

83.7 

18.61 

5.4 

4 

1931 

.78 

10 

58747. 

108.  1 

20.75 

4.8 

4 

1938 

.69 

11 

68614. 

126.3 

22.89 

4.4 

2 

1939 

.60 

12 

71702. 

132.0 

25.03 

4.0 

3 

1962 

.52 

13 

82328. 

151.5 

27.17 

3.7 

3 

1942 

.45 

14 

88390. 

162.7 

29.31 

3.4 

4 

1970 

.38 

15 

94523. 

174.0 

31.45 

3.2 

3 

1949 

.31 

16 

96480. 

177.6 

33.59 

3.0 

4 

1961 

.25 

17 

102734. 

189.1 

35.73 

2.8 

3 

1957 

.19 

18 

109284. 

201.1 

37.87 

2.6 

5 

1971 

.13 

19 

110668. 

203,7 

40.01 

2.5 

4 

1968 

.07 

20 

116137. 

213.7 

42.15 

2.4 

3 

1965 

.02 

21 

119543. 

220.0 

44.29 

2.3 

4 

1959 

-.03 

22 

124770. 

229.6 

46.43 

2.2 

3 

1964 

-.08 

23 

131134. 

241,3 

48.57 

2.1 

4 

1955 

-.13 

24 

140880. 

259.3 

50.71 

2.0 

2 

1950 

-.18 

(continued) 


YEARS  < RECORD )  MONTHS  DURATION  IN  MONTHS 

47  0  12 

EFFECTIVE  YEARS 
46.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

45452. 

62.7 

1.49 

67.0 

2 

1935 

2.82 

2 

46478. 

64.2 

3.64 

27.4 

3 

1933 

2.12 

3 

51791 . 

71 . 5 

5.80 

17.3 

5 

1937 

1.75 

4 

79200. 

109.3 

7.95 

12.6 

12 

1931 

1 . 49 

5 

84332. 

116.4 

10.10 

9.9 

12 

1940 

1.30 

6 

87230. 

120.4 

12.25 

8.2 

3 

1936 

1.14 

7 

100874. 

139.2 

14.40 

6.9 

11 

1938 

1.00 

8 

120375. 

166.2 

16.56 

6.0 

12 

1939 

.88 

9 

123393. 

170.3 

18.71 

5.3 

3 

1962 

.78 

10 

146697. 

202.5 

20.86 

4.8 

12 

1941 

.68 

11 

149414. 

206.2 

23.01 

4.3 

12 

1930 

.60 

12 

159979. 

220.8 

25.16 

4.0 

6 

1949 

.52 

13 

169881 . 

234.5 

27.32 

3.7 

4 

1959 

.44 

14 

195298. 

269.6 

29.47 

3.4 

6 

1971 

.37 

15 

202723. 

279.8 

31.62 

3.2 

9 

1976 

.30 

16 

204233. 

281.9 

33.77 

3.0 

7 

1955 

.24 

17 

206406. 

284.9 

35.92 

2.8 

8 

1968 

.  1R 

18 

213108. 

294.2 

38.07 

2.6 

6 

1970 

.12 

19 

220654. 

304.6 

40.23 

2.5 

4 

1957 

.07 

20 

230857. 

318.7 

42.38 

2.4 

10 

1964 

.01 

21 

249452. 

344.3 

44.53 

2.2 

4 

1960 

-  .04 

22 

265511 . 

366.5 

46.68 

2.1 

9 

1973 

-.09 

23 

287185. 

396.4 

48.83 

2.0 

6 

1946 

-.14 

24 

317794, 

438.7 

50.99 

-2-.-0 

10-1963 

-.19 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  . —  0  -  24  - - - 

EFFECTIVE  YEARS 

45. 08  - 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

111672. 

77.1 

1.53 

65.5 

4  1934 

2.81 

2 

148681  . 

102.6 

3.72 

26.8 

5  1937 

2  .  10 

3 

188648. 

130.2 

5.92 

16V9 

4-1932  - 

1,73 

4 

194323. 

134.1 

8.12 

12.3 

3  1941 

1.47 

5 

379185. 

261.7 

10.32 

9.7 

3  1962 

1.28 

6 

402368. 

277.7 

12.52 

8.-0 

-  3  -1960  - 

1 .12 

7 

408405. 

281.9 

14.72 

6.8 

6  1971 

.98 

8 

475117. 

327.9 

16.92 

5.9 

1  1950 

.86 

9 

476446. 

328  ;  8 

19.12 

5v2 

— - 2-1957- 

.76 

10 

514239. 

354.9 

21.32 

4.7 

3  1965 

.66 

11 

549980. 

379.6 

23.52 

4.3 

3  1943 

.58 

12 

616692. 

425.6 

25.72 

3.9 

9  1976 

.50 

13 

619107. 

427.3 

27.92 

3.6 

3  1969 

.42 

14 

698135. 

481.8 

30.12 

3.3 

9  1974 

.35 

15 

743958 • 

513.4 

32.31 

3.1 

3  1947 

.28 

16 

798354. 

551.0 

34.51 

2,9 

2  1955 

.22 

17 

977059. 

674.3 

36.71 

2.7 

1  1952 

.  16 

18 

1155642. 

797.6 

38.91 

2.6 

3-1945 

.  10 

19 

1316174. 

908.4 

41.11 

2.4 

3  1967 

.05 

INDEPENDENT  EVENTS 

EXHAUSTED 

C-41 


n  co  m  oo  -o  'O  >o  co  o  rj  in  cd  rj  <o  o  n 
<r  n  «  O'  aj  n  -o  iii  n  t  to  c  ■!  n  h  — ■  o 


( continued ) 


**• 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  48 


EFFECTIVE  YEARS 
43.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREO 

INT 

DATE 

GUMBEL  K 

1 

24236 1 . 

83.6 

1.60 

62.7 

2 

1935 

2.77 

9 

368360. 

127.1 

3.90 

25.7 

2 

1939 

2.06 

3 

739775. 

255.3 

6 . 20 

16.1 

o 

1943 

1.69 

4 

781553. 

269.7 

8.50 

11.8 

3 

1962 

1.44 

5 

1162869. 

401.3 

10.80 

9.3 

3 

1958 

1.24 

6 

1278966. 

441.3 

13.10 

7.6 

7 

1971 

1.08 

7 

1314827. 

453.7 

15.40 

6.5 

9 

1976 

.94 

8 

1374597. 

474.3 

17.70 

5.7 

7 

1951 

.83 

9 

1778613. 

613.8 

20.00 

5.0 

10 

1966 

.  7? 

is : 

10 

1869051. 

645.0 

22.30 

4.5 

6 

1947 

.62 

INDEPENDENT  EVENTS  EXHAUSTED 

YEARS  (RECORD)  MONTHS 

DURATION  IN 

MONTH 

c 

47 

0 

96 

EFFECTIVE  YEARS 

* 

39. 

08 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

596534, 

102.9 

1.76 

56.9 

6 

1938 

2.69 

2 

1944421 . 

335.5 

4.29 

23.3 

3 

1962 

1.99 

3 

2418530. 

417.3 

6.82 

14.7 

6 

1946 

1.62 

4 

2979456. 

514.1 

9.36 

10.7 

6 

1975 

1 . 36 

T  unrCiCMnrilT  rnr«i»« 


Red  River  at  Briarwood  -  Year  2030  Case 


RED  RIVER  AT  BRIARWOOD  /  FRONTIER 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  2 

EFFECTIVE  YEARS 
46.92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RF.CUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

1032. 

8.5 

1 .47 

68.2 

2  1933 

2.84 

2 

1153. 

9.5 

3.58 

27.9 

2  1937 

2.13 

3 

1334. 

11.0 

5.69 

17.6 

2  1935 

1 .76 

4 

3025. 

25.0 

7.81 

12.8 

12  1936 

1.51 

5 

3930. 

32.5 

9.92 

10.1 

12  1934 

1.31 

6 

3930. 

32.5 

12.04 

8.3 

12  1 932 _ _ 

.  _ _ 1_*  1 5 

7 

4534. 

37.5 

14.15 

7.1 

12  1970 

1.02 

8 

4534. 

37.5 

16.26 

6.1 

12  1933 

.  90 

9 

4534. 

37.5 

18.38 

5.4 

12  1939 

.79 

10 

4715. 

39.1 

20.49 

4.9 

12  1940 

.  70 

11 

4836. 

40.0 

22.61 

4.4 

2  1940 

.61 

12 

4896. 

40.5 

24 . 72 

4.0 

2  1934 

.53 

13 

4944. 

40.9 

26.83 

3.7 

11  1935 

.46 

14 

5306. 

43.9 

28.95 

3.5 

11  1931 

.39 

15 

__  5435,  ___ 

45.0 

31,06 

3.2 

10  .19J53___ 

.....  ,3  v 

16 

5435. 

45.0 

33.18 

3.0 

10  1934 

.26 

17 

5435. 

45.0 

35.29 

2.8 

10  1936 

.20 

18 

54.35.  ..  . 

45,0 

37.40 

2.7 

10,  L932_ _ 

.  .  _i  L4 

19 

5435. 

45.0 

39.52 

2.5 

1 0  1939 

.09 

20 

5435. 

45.0 

41.63 

2.4 

10  1940 

.03 

21 

5741  . 

47,5 

43.75 

2.3 

1  1938  _ 

_ -,.02 

22 

5857. 

48.3 

45.86 

2.2 

10  1930 

-.07 

23 

5862. 

48.5 

47.97 

2.1 

1  1936 

-.12 

24 

6501 , 

53.8 

50.09 

2.0 

9  1976 

....  -.17 

( cont  Inuerl  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0^  3 

EFFECTIVE  YEARS 
46.83 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

1850. 

10.2 

1.47 

68 . 1 

o 

1937 

2.83 

2635. 

14.5 

3.59 

27.9 

<7 

1933 

2.13 

3 

2937. 

16.2 

5.70 

17.5 

2 

1935 

1 . 76 

4 

6922. 

38.2 

7.82 

12.8 

1 

1940 

1 .51 

5 

6922. 

38.2 

9 . 94 

10.1 

1 

1934 

1.31 

6 

7211  . 

39.8 

12.06 

8.3 

12 

1940 

1 .  15 

7 

7573. 

41 . 8 

14.18 

7.  1 

12 

1935 

1 . 01 

8 

7762. 

42.9 

16.29 

6. 1 

1 1 

1936 

.90 

9 

7762. 

42,9 

18.41 

5.4 

1 1 

1932 

.  79 

10 

7762. 

42.9 

20.53 

4.9 

1 1 

1934 

.  70 

1 1 

8245. 

45.5 

22.65 

4 . 4 

11 

1931 

.61 

12 

8431  . 

46.5 

24.76 

4.0 

1 

1971 

.  53 

1  L 

8997. 

49.7 

26.88 

3.7 

10 

1939 

.  46 

14 

8997. 

49.7 

29.00 

3.4 

10 

1933 

.39 

15 

9337, 

51.5 

31 .12 

3.2 

9 

1938 

.  32 

1  6 

9419. 

52.0 

33.23 

3.0 

10 

1930 

.26 

17 

11551 . 

63.8 

35.35 

2.8 

8 

1932 

.20 

18 

11913. 

65.8 

37.47 

2.7 

8 

1934 

.14 

19 

12114, 

66.9 

39.59 

2.5 

1 

1970 

.  08 

20 

12351. 

68.2 

41.71 

2.4 

1 1 

1938 

.03 

21 

12476. 

68.9 

43.82 

2.3 

2 

1931 

-  .  02 

12848. 

70.9 

45.94 

2.2 

9 

1940 

- ,  07 

23 

13362. 

73.8 

48.06 

2.1 

8 

1936 

-.12 

24 

13623. 

75.2 

50.18 

2.0 

9 

1932 

-.17 

C-44 


( cont inued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  4 

EFFECTIVE  YEARS 
46,75 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

4178. 

17.3 

1.47 

67.9 

<5 

1937 

2  •  83 

2 

4963. 

20.5 

3.59 

27.8 

2 

1933 

2.13 

3 

5265. 

21.8 

5.71 

17.5 

>7 

1935 

1 . 76 

4 

9370. 

38.8 

7.84 

12.8 

2 

1940 

1.50 

5 

9418. 

39.0 

9.96 

10.0 

1 

1934 

1.31 

6 

10150. 

42.0 

12.08 

8.3 

12 

1940 

1 .  15 

7 

10512. 

43.5 

14.20 

7.0 

12 

1935 

1.01 

8 

11807. 

48.9 

16.32 

6. 1 

11 

1931 

.89 

9 

12989. 

53.8 

18.44 

5.4 

10 

1932 

.79 

10 

1 2989 . 

53.8 

20.56 

4.9 

10 

1936 

.70 

11 

12989. 

53.8 

22.69 

4.4 

10 

1934 

.61 

12 

14645. 

__._6  0.6 

_  24.81 

4.0 

11 

1930 

.53 

13 

15347. 

63.5 

26.93 

3.7 

>7 

1938 

.45 

14 

16066. 

66.5 

29.05 

3.4 

12 

1938 

.38 

15 

16071,  . 

_ 6j6j-5_ 

_ 31_»_L7_ 

3.2 

”7 

J.9-Z0 

.32 

16 

16796. 

69.5 

33.29 

3.0 

2 

1971 

.25 

17 

16965, 

70.2 

35.42 

2.8 

9 

1933 

.20 

18 

19382.. _ 

..  JjO.jl3.__ 

_.37.»54 

.2.7 

10 

1939 

.14 

19 

22639 . 

93.7 

39.66 

2.5 

1 

1930 

.08 

20 

23311. 

96.5 

41,78 

2.4 

12 

1961 

.03 

21 

23468., 

-...37.*.  2  _ 

43..,  9.0 _ 

...  2,3 

5. 

1934 

-.02 

22 

26926. 

111.5 

46.02 

2.2 

1 

1975 

-.07 

23 

27663. 

114,5 

48.14 

2.1 

3 

1931 

-.12 

24 

28750. 

119.0 

50.27 

2,0 

3 

1932 

-.17 

045 


( continued ) 


1YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 


EFFECTIVE  YEARS 
46.58 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

_ CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

9613. 

26.5 

1.48 

67.7 

2  1937 

2.83 

2 

10397. 

28.7 

3.61 

27.7 

2  1933 

2.13 

3 

10699. 

29.5 

5.73 

17.4 

2  1935 

1.76 

4 

14805. 

40.9 

7.86 

12.7 

2  1940 

1 . 50 

5 

14865. 

41.0 

9.99 

10.0 

2  1934 

1.31 

6 

17038. 

47.0 

12.12 

8.2 

2  1936 

1  .  15 

7 

18696. 

51.6 

14.25 

7.0 

1  1941 

1 .01 

8 

20024. 

55.3 

16.38 

6.1 

1  1932 

.89 

9 

22137. 

61 . 1 

18.51 

5.4 

1  1931 

.79 

10 

28054. 

77.4 

20.64 

4.8 

1  1939 

.  69 

11 

30139. 

83.2 

22.77 

4 . 4 

2  1970 

.61 

12 

32132. 

88.7 

24.90 

4.0 

2  1938 

.53 

13 

32872. 

90.7 

27.02 

3.7 

8  1934 

•  45 

14 

36506. 

100.8 

29.15 

3.4 

1  1962 

.  38 

15 

40721. 

112.4 

31.28 

3.2 

8  1932 

.31 

16 

43844. 

121.0 

33.41 

3.0 

2  1971 

.  25 

17 

45293. 

125.0 

35.54 

2.8 

2  1957 

.19 

18 

48158. 

132.9 

37.67 

2.7 

1  1942 

.13 

19 

50787. 

140.2 

39. 8C 

2.5 

2  1949 

.08 

20 

52977. 

146.2 

41.93 

2.4 

8  1933 

.03 

21 

53383. 

147.4 

44.06 

2.3 

2  1950 

-.03 

22 

61533. 

169.9 

46.19 

2.2 

2  1961 

-.08 

23 

61594. 

170.0 

48.31 

2.1 

2  1968 

-.13 

24 

62854. 

173.5 

50.44 

2.0 

3  1975 

-  .  17 

v, 

W. 


► 


k 

► 


( continued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 

EFFECTIVE  YEARS 
46.33 


UMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

21948. 

40.4 

1.48 

67.3 

2 

1933 

2.83 

9 

22612. 

41.6 

3.63 

27.6 

2 

1935 

2.12 

3 

22974. 

42.3 

5.77 

17.3 

2 

1937 

1 . 75 

4 

28891  . 

53.2 

7.91 

12.6 

9 

1934 

1.50 

5 

37304. 

68.7 

10.05 

10.0 

3 

1940 

1.30 

6 

45394. 

83.5 

12.19 

8.2 

3 

1932 

1 .  14 

7 

46942. 

86.4 

14.33 

7.0 

2 

1936 

1.01 

8 

49163. 

90.5 

16.47 

6.1 

4 

1931 

.89 

9 

53644. 

98.7 

18.61 

5.4 

2 

1941 

.78 

10 

65162. 

119.9 

20.75 

4.8 

4 

1938 

.69 

11 

70691  . 

130.1 

22.89 

4.4 

3 

1962 

.60 

12 

72601 . 

133.6 

25.03 

4,0 

2 

1939 

.52 

13 

84516. 

155.5 

27.17 

3.7 

3 

1942 

,45 

14 

96832. 

178.2 

29.31 

3.4 

3 

1949 

.38 

15 

107906. 

198.6 

31.45 

3,2 

4 

1.9.61 

_  .31 

16 

109390. 

201.3 

33.59 

3.0 

3 

1970 

.25 

17 

109994. 

202.4 

35.73 

2.8 

3 

1957 

.19 

18 

126415. 

232.7 

37.87 

2.6 

3 

1965 

.13 

19 

127467. 

234.6 

40.01 

2.5 

4 

1959 

.07 

20 

129399. 

238.1 

42.15 

2.4 

4 

1968 

.02 

21 

130550. 

240.3 

44.29 

2.3 

5 

1971.. 

. -  •  03_ 

22 

135894. 

250.1 

46.43 

2.2 

3 

1964 

-.08 

23 

153764. 

283,0 

48.57 

2.1 

3 

1960 

-.13 

24 

154044. 

283.5 

50.71 

2.0 

2 

1950 

_  -.18 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0.  .  ...  _ 12 

EFFECTIVE  YEARS 
46.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

43572. 

60.1 

1.49 

67.0 

2 

1935 

2.82 

2 

45323. 

62.6 

3.64 

27.4 

3 

1933 

2.12 

3 

67298. 

92.9 

5.80 

17.3 

3 

1937 

1 . 75 

4 

84927. 

117.2 

7.95 

12.6 

12 

1931 

1.49 

5 

94949. 

131 . 1 

10.10 

9.9 

3 

1936 

1.30 

6 

95311  . 

131.6 

12.25. 

8.2 

7 

1940 

1 .  14 

7 

112940. 

155.9 

14.40 

6.9 

11 

1938 

1.00 

8 

129422. 

178.6 

16.56 

6.0 

3 

1962 

.88 

9 

149889. 

206.9 

18.71 

5.3 

7 

1941 

.78 

10 

162144. 

223.8 

20.86 

4.8 

12 

1930 

.68 

11 

181403. 

250.4 

23.01 

4.3 

6 

1949 

.60 

12 

214186. 

295.6 

25.16 

4.0 

6 

1971 

.52 

13 

219136. 

302.5 

27.32 

3.7 

5 

1959 

.44 

14 

236947. 

327.1 

29.47 

3.4 

8 

1968 

.37 

15 

241535. 

333.4 

31.62 

3.2 

9 

1976 

.30 

16 

251859. 

347.6 

33.77 

3.0 

7 

1955 

.24 

17 

258741  . 

357.1 

35.92 

2.8 

4 

1957 

.  18 

18 

284098. 

392.1 

38.07 

2.6 

9 

1973 

.  12 

19 

296474. 

409.2 

40.23 

2.5 

6 

1970 

.07 

20 

300700. 

415.1 

42.38 

2.4 

10 

1964 

.01 

21 

321046. 

443.1 

44.53 

2.2 

2 

1961 

-.04 

22 

346524. 

478.3 

46.68 

2.1 

7 

1942 

-.09 

23 

367111  . 

506.7 

48.83 

2.0 

6 

1946 

-.  14 

24 

390354. 

538.8 

50.99 

2.0 

3 

1975 

- .  19 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  24 

EFFECTIVE  YEARS 
45.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

109402. 

75.4 

1.53 

45.5 

4 

1934 

2.81 

o 

142248. 

112.0 

3.72 

24.8 

3 

1937 

2 .10 

3 

200884. 

138.4 

5.92 

16.9 

4 

1932 

1.73 

4 

229201  . 

158.2 

8.12 

12.3 

5 

1941 

l .  47 

5 

290902. 

200.8 

10.32 

9.7 

3 

1939 

1.28 

6 

455057. 

314.1 

12.52 

8.0 

3 

1962 

1  .  12 

7 

488201 . 

334.9 

14.72 

6.8 

3 

1960 

.98 

8 

510440. 

352.4 

14.92 

5.9 

6 

1971 

.86 

9 

542581 . 

388.3 

19.12 

5.2 

1 

1950 

.76 

10 

580572. 

400.7 

21.32 

4.7 

2 

1957 

.  66 

11 

485017. 

472.8 

23.52 

4.3 

3 

1965 

.58 

12 

492242. 

477.8 

25.72 

3.9 

3 

1975 

.50 

13 

854001 . 

589.4 

27.92 

3.6 

3 

1969 

.42 

14 

909545. 

427.7 

30.12 

3.3 

3 

1947 

.35 

15 

1054742. 

727.9 

32.31 

3.1 

2 

1955 

.2* 

16 

1190521. 

821.4 

34.51 

2.9 

5 

1943 

.22 

17 

1379488. 

952.1 

34,71 

2.7 

1 

1952 

.16 

18 

1887285. 

1302.5 

38.91 

2.6 

3 

1967 

.  10 

INDEPENDENT  EVENTS  EXHAUSTED 


1 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  48 


EFFECTIVE  YEARS 
43.08 


NUMBER 

VOLUME 

RATE 

EXCEED  1 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

GUMBEL  K 

1 

248848. 

85.9 

1.60 

62.7 

2  1935 

2.77 

2 

429182. 

148.1 

3.90 

25.7 

2  1939 

2.06 

3 

926897 , 

319.9 

6.20 

16.1 

3  1943 

1.69 

4 

943258. 

325.5 

8.30 

11.8 

3  1962 

1.44 

5 

1402817. 

484.1 

10_.80 

2.3 

3  1958 

1,24 

6 

1651494. 

569.9 

13.10 

7.6 

3  1950 

1.08 

7 

1659101 . 

572.5 

15.40 

6.5 

8  1973 

.94 

8 

2496837. 

861 .6 

17.70 

5.7 

10  1966 

.83 

9 

3115237. 

1075.0 

20.00 

5.0 

3  1954 

.72 

INDEPENDENT  EVENTS  EXHAUSTED 

YEARS  (RECORD)  MONTHS 

DURATION  IN 

MONTHS 

47 

0 

96 

EFFECTIVE  YEARS 

39. 

08 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

660280. 

113.9 

1.76 

56.9 

6  1938 

2.69 

2 

2346075. 

404.8 

4.29 

23.3 

3  1962 

1.99 

3 

3584929. 

618.5 

6.82 

14.7 

6  1946 

1.62 

4 

4191557. 

723.2 

9.36 

10.7 

3  1975 

1.36 

INDEPENDENT  EVENTS  EXHAUSTED 


Red  River  at  Fargo  -  Year  2030  Case 


RED  RIVER  AT  FARGO  /  MOORHEAD  /  PRAIRIE  ROSE  /  DILUORTH 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  2 

EFFECTIVE  YEARS 
46.92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

4046. 

33.5 

1.47 

68.2 

2 

1933 

2.84 

2 

4167. 

34.5 

3.58 

27.9 

2 

1937 

2.13 

3 

4348. 

36.0 

5.69 

17.6 

2 

1935 

1 . 76 

4 

4536. 

37.6 

7.81 

12.8 

12 

1970 

1.51 

5 

4536. 

37.6 

9.92 

10.1 

12 

1939 

1.31 

6 

4536. 

37.6 

12.04 

8.3 

12 

1936 

1 .15 

7 

4536  . 

37.6 

14.15 

7.1 

12 

1933 

1.02 

8 

4717. 

39.1 

16.26 

6.1 

12 

1940 

.90 

9 

4825. 

40.0 

18.38 

5.4 

11 

1932 

.79 

10 

4825. 

40.0 

20.49 

4.9 

11 

1934 

.70 

11 

4831  . 

40,0 

22.61 

4.4 

2 

1940 

,61 

12 

4891  . 

40,5 

24.72 

4.0 

2 

1934 

.53 

13 

4946. 

41.0 

26.83 

3.7 

11 

1935 

.46 

14 

5308. 

44.0 

28.95 

3.5 

1 1 

1931  ‘ 

.39 

15 

5371  . 

44.5 

31.06 

3.2 

10 

1940 

.32 

16 

5371  . 

44.5 

33.18 

3.0 

10 

1939 

.26 

17 

5371  . 

44.5 

35.29 

2.8 

10 

1936 

.20 

18 

5371. 

44.5 

37.40 

2.7 

10 

1933 

.14 

19 

5737. 

47.5 

39.52 

2.5 

1 

1938 

.09 

20 

5794. 

48.0 

41.63 

2.4 

10 

1930 

.03 

21 

5857. 

48.5 

43.75 

2.3 

1 

1936 

-.02 

22 

6348. 

52.6 

45.86 

2.2 

9 

1976 

-.07 

23 

6348. 

52.6 

47.97 

2.1 

9 

1932 

-.12 

24 

6348. 

52.6 

50.09 

2.0 

9 

1931 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS 
47  0 

EFFECTIVE  YEARS 
46.83 


DURATION  IN  MONTHS 
3 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  I 

1 

6371 . 

35.2 

1.47 

68.1 

2 

1937 

2.83 

o 

6921 . 

38.2 

3.59 

27.9 

1 

1940 

2.13 

3 

6921  . 

38.2 

5.70 

17.5 

1 

1934 

1.76 

4 

7156. 

39.5 

7.82 

12.8 

2 

1933 

1 .51 

5 

7210. 

39.8 

9.94 

10.1 

12 

1940 

1 .31 

6 

7344. 

40.5 

12.06 

8.3 

1 

1935 

1  .  15 

7 

7573. 

41.8 

14.18 

7.1 

12 

1935 

1 .01 

8 

7703. 

42.5 

16.29 

6.1 

11 

1936 

.90 

9 

7703. 

42.5 

18.41 

5.4 

11 

1932 

.  79 

10 

8186. 

45.2 

20.53 

4.9 

1 1 

1931 

.  70 

11 

8430. 

46.5 

22.65 

4.4 

1 

1971 

.61 

12 

8842. 

48.8 

24.76 

4.0 

10 

1939 

.53 

13 

8842. 

48.8 

26.88 

3.7 

10 

1934 

.46 

14 

8842. 

48.8 

29.00 

3.4 

10 

1933 

.39 

15 

9264. 

51.1 

3.1  _»  12. 

„3.2 

10 

1930 

.32 

16 

9329. 

51.5 

33.23 

3.0 

2 

1938 

.26 

17 

11304. 

62.4 

35.35 

2.8 

8 

1932 

.20 

18 

12113. 

66.9 

37, 47 

2,7 

1 

1970 

.14 

19 

12223. 

67.5 

39.59 

2.5 

10 

1938 

.08 

20 

12469. 

68.8 

41.71 

2.4 

2 

1931 

.03 

21 

12571 . 

69.4 

43.82 

2.3 

9 

1940 

-.02 

22 

13115. 

72.4 

45.94 

2.2 

8 

1936 

-.07 

23 

13616. 

75.2 

48.06 

2.1 

9 

1932 

-.12 

24 

13623. 

75.2 

50.18 

2.0 

4 

1934 

-.17 

(cont lnued  ) 


YEARS  (RECORD)  MONTHS 
47  P 


DURATION  IN  MONTHS 
4 


EFFECTIVE  YEARS 
46 .  75 


NUMBER 


VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

8703. 

36.0 

1.47 

67.9 

2 

1937 

2.83 

9367 . 

38.8 

3.59 

27.8 

2 

1940 

2.13 

9415. 

39.0 

5.71 

17.5 

1 

1934 

1.76 

9488. 

39.3 

7.84 

12.8 

2 

1933 

1.50 

9789. 

40.5 

9.96 

10.0 

2 

1935 

1.31 

10088. 

41.8 

12.08 

8.3 

12 

1940 

1 . 15 

10451 . 

43.3 

14.20 

7.0 

12 

1935 

1 .01 

11656. 

48.3 

16.32 

6.1 

11 

1931 

.  89 

12710. 

52.6 

18.44 

5.4 

10 

1936 

.79 

12710. 

52.6 

20.56 

4.9 

10 

1934 

.  70 

12710. 

52.6 

22.69 

4.4 

10 

1932 

,61 

14494. 

60.0 

24.81 

4.0 

11 

1930 

,53 

15344. 

63.5 

26.93 

3.7 

2 

1938 

» 45 

16005. 

66.3 

29.05 

3.4 

12 

1938 

*  38 

16068. 

66.5 

31 .17 

3.2 

2 

1970 

.32 

16658. 

69.0 

33.29 

3.0 

9 

1933 

i  25 

16793. 

69.5 

35.42 

2.8 

2 

1971 

.  20 

19109. 

79.1 

37.54 

2.7 

10 

1939 

.14 

22636. 

93.7 

39.66 

2.5 

1 

1930 

.08 

23250. 

96.3 

41.78 

2.4 

12 

1961 

•  03 

23453. 

97.1 

43.90 

2.3 

5 

1934 

-.02 

26923. 

111.5 

46.02 

2.2 

1 

1975 

- ,  07 

27653. 

114,5 

48.14 

2.1 

3 

1931 

- .  12 

28740. 

119.0 

50.27 

2.0 

3 

1932 

-.17 

C-  5  3 


(continued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 

EFFECTIVE  YEARS 
46.58 


NUMBER 

VOLUME 

RATE 

EXCEED 

AC-FT 

CFS 

FREQ 

1 

14074. 

38.9 

1.48 

r> 

14738. 

40.7 

3.61 

3 

14799. 

40.9 

5,73 

4 

14859. 

41.0 

7.86 

5 

15161  . 

41 . 9 

9.99 

6 

16972. 

46.9 

12.12 

7 

18540. 

51.2 

14.25 

8 

19868. 

54.8 

16.38 

9 

21981 . 

60.7 

18.51 

10 

27898. 

77.0 

20.64 

11 

30073. 

83.0 

22. 77 

12 

32065. 

88.5 

24.90 

13 

32613, 

90.0 

27.02 

14 

36350. 

100.3 

29.15 

15 

40462. 

111.7 

31.28 

16 

43778. 

120.9 

33.41 

17 

45227, 

124.9. 

35.54 

18 

48002. 

132.5 

37.67 

19 

50721 , 

140.0 

39.80 

20 

52718. 

145.5 

41.93 

21 

53317, 

147.2 

44.06 

22 

61467. 

169.7 

46.19 

23 

61527. 

169.9 

48.31 

24 

62846. 

173.5 

50.44 

RECUR  ENDING 


INT 

DATE 

GUMBEL  K 

67 . 7 

2 

1937 

2.83 

27.7 

2 

1940 

2.13 

17.4 

9 

1934 

1.76 

12.7 

2 

1933 

1.50 

10.0 

9 

1935 

1.31 

/  • 

8.2 

9 

•m 

1936 

1.15 

7.0 

1 

1941 

1.01 

6.1 

1 

1932 

.89 

V* 

5.4 

1 

1931 

.79 

to 

4.8 

1 

1939 

.69 

4.4 

2 

1970 

.61 

4.0 

9 

1938 

.53 

3.7 

8 

1934 

.45 

3.4 

1 

1962 

.38 

3.2 

8_ 

19-32 

.31 

■b 

3.0 

2 

1971 

.25 

2.8 

2 

1957 

.19 

2.7 

1- 

1942 

.13 

2.5 

2 

1949 

.08 

.* 

2.4 

8 

1933 

.03 

2.3 

2 

1950 

-.03 

2.2 

2 

1961 

-.08 

y* 

2.1 

9 

1968 

-.13 

2.0 

3 

1975 

-.17 

C-54 


*  a  •  «  •  .  •  »  •  »  *  »  ^****i«**  “  %  ~  >  "  »  ■»*»*»•»  *  "  •  '  »  *  •  •  •  *  •  *  '  »  •  »  »  •  »  »  ■  •  »  •  •  •  »  •  •  *  *  •  •  ‘ 


(continued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 

EFFECTIVE  YEARS 
46.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RFCUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

26163. 

48.2 

1 .48 

67.3 

n 

1933 

2.83 

9 

26827. 

49.4 

3.63 

27.6 

2 

1935 

2.12 

3 

27190. 

50.0 

5.77 

17.3 

n 

1937 

1.75 

4 

28578. 

52  •  6 

7.91 

12.6 

2 

1934 

1.50 

5 

37020. 

68.1 

10.05 

10.0 

3 

1940 

1.30 

6 

45109. 

83.0 

12 . 1 9 

8.2 

3 

1932 

1 .14 

7 

46630. 

85.8 

14.33 

7.0 

r> 

1936 

1.01 

8 

49007. 

90.2 

16.47 

6. 1 

4 

1931 

.89 

9 

53331 . 

98.2 

18.61 

5.4 

1941 

.78 

10 

65005. 

119.6 

20.75 

4.8 

4 

1938 

.69 

11 

70406. 

129.6 

22.89 

4.4 

3 

1962 

.60 

12 

72288. 

133.0 

25.03 

4.0 

2 

1939 

.52 

13 

84231  . 

155.0 

27.17 

3.7 

3 

1942 

.45 

14 

96547. 

177.7 

29.31 

3.4 

3 

1949 

.38 

15 

107750. 

198.3 

31.45 

3.2 

4 

1961 

.31 

16 

109105. 

200.8 

33.59 

3.0 

3 

1970 

.  25 

17 

109709. 

201.9 

35.73 

2.8 

3 

1957 

.19 

18 

126130. 

232.1 

37.87 

2.6 

3 

1965 

.13 

19 

127310. 

234.3 

40.01 

2.5 

4 

1959 

.07 

20 

129242. 

237.9 

42.15 

2.4 

4 

1968 

.02 

21 

130471  . 

240.1 

44.29 

2.3 

5 

1971 

-.03 

22 

135609. 

249.6 

46.43 

2.2 

3 

1964 

-.08 

23 

153479. 

282.5 

48.57 

2.1 

3 

1960 

-.13 

24 

153731 . 

282.9 

50.71 

2.0 

9 

1950 

-.18 

( oont Inued  ) 


YEARS  (RECORD)  HONTHS 
47  0 


DURATION  IN  MONTHS 
12 


EFFECTIVE  YEARS 
46.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

47412. 

65.4 

1 . 49 

67.0 

6 

1934 

2.82 

9 

49525. 

68.4 

3.64 

27.4 

3 

1933 

2.12 

3 

71501  . 

98.7 

5.80 

17.3 

3 

1937 

1.75 

4 

84602. 

116.8 

7.95 

12.6 

12 

1931 

1 . 49 

5 

94624. 

130.6 

10.10 

9.9 

3 

1936 

1.30 

6 

94986. 

131 . 1 

12.25 

8.2 

7 

1940 

1.14 

7 

112615. 

155.4 

14.40 

6.9 

1 1 

1938 

1.00 

8 

129097. 

178.2 

16.56 

6.0 

3 

1962 

.88 

9 

149563. 

206.4 

18.71 

5.3 

7 

1941 

.78 

10 

161819. 

223.4 

20.86 

4.8 

12 

1930 

.68 

11 

181078. 

249.9 

23.01 

4.3 

6 

1949 

.60 

12 

213860. 

295.2 

25.16 

4 . 0 

6 

1971 

.52 

13 

218811 . 

302.0 

27.32 

3.7 

5 

1959 

.  44 

14 

236621 . 

326.6 

29.47 

3.4 

8 

1968 

.37 

15 

241209. 

332.9 

31.62 

3.2 

9 

1976 

.30 

16 

251533. 

347.2 

33.77 

3.0 

7 

1955 

.24 

17 

258416. 

356.7 

35.92 

2.8 

4 

1957 

.18 

18 

283772. 

391.7 

38.07 

2.6 

■  9 

1973 

.  12 

19 

296149. 

408.8 

40.23 

2.5 

6 

1970 

.07 

20 

300375. 

414.6 

42.38 

2.4 

10 

1964 

.01 

21 

320721 . 

442.7 

44.53 

2.2 

•j 

1961 

-.04 

22 

346198. 

477.9 

46.68 

2.1 

7 

1942 

-.09 

23 

366785. 

506.3 

48.83 

2.0 

6 

1946 

-.14 

24 

390029. 

538.4 

50,99 

2.0 

3 

1975 

-.19 

(font  i  maid  ) 


YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 
24 


EFFECTIVE  YEARS 
45.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RF.CUR 

ENDING 

AC-FJ 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

113480. 

78.3 

1 . 53 

65.5 

4 

1934 

2.81 

9 

166125. 

114.7 

3.72 

26.8 

3 

1937 

2. 10 

3 

200236. 

138.2 

.5.92 

16.9 

4 

1932 

1,73 

4 

228550. 

157.7 

8. 12 

12.3 

5 

1941 

1.47 

5 

290252. 

200.3 

10.32 

9 . 7 

3 

1939 

1.28 

6 

454406. 

313.6 

12.52 

8.0 

3 

1962 

1 .12 

7 

487551 . 

336.5 

14.72 

6 . 8 

3 

1960 

.98 

8 

510009. 

352.0 

16.92 

5.9 

6 

1971 

.86 

9 

561930. 

387.8 

19.12 

5 . 2 

1 

1950 

_ t.7.6 

10 

579921 . 

400.2 

21.32 

4.7 

o 

1957 

.66 

11 

684367. 

472.3 

23.52 

4 . 3 

3 

1965 

.  58 

12 

691611 . 

477.3 

25.72 

3.9 

3 

1975 

.50 

13 

853351 . 

588.9 

27.92 

3 . 6 

3 

1969 

.42 

14 

908894. 

627.3 

30.12 

3.3 

3 

1947 

.35 

15 

1054091  . 

727.5 

32.31 

3.1 

2 

1955 

.28 

16 

1189870. 

821 .2 

34.51 

2.9 

5 

1943 

.22 

17 

1378837. 

951.6 

36.71 

2.7 

1 

1952 

.  16 

18 

1886635. 

1302.1 

38.91 

2.6 

3 

1967 

.10 

INDEPENDENT  EVENTS  EXHAUSTED 


o  o>  rj  os  w  r-j  o  cc  cn  O'  cn  rj  co  nj 


(  con  r.  t  rnioil  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

4  7  0  48 


EFFECTIVE  YEARS 
43 . 08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RFCUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

256602. 

88.5 

1.60 

62.7 

n 

1935 

2.77 

2 

432408. 

149.2 

3.90 

25.7 

2 

1939 

2.06 

3 

925595. 

319.4 

6.20 

16.1 

3 

1943 

1.69 

4 

941956 . 

325.0 

8.50 

11.8 

3 

1962 

1  .44 

5 

1401516. 

483 . 6 

10.80 

9.3 

3 

1958 

1 . 24 

<6 

1650192. 

569.4 

13.10 

7.6 

3 

1950 

1 .08 

7 

1657799. 

572.1 

15.40 

6.5 

8 

1973 

.94 

8 

2495535. 

861.2 

17.70 

5.7 

10 

1966 

.83 

9 

3113935. 

1074.5 

20.00 

5.0 

3 

1954 

,77 

INDEPENDENT  EVENTS  EXHAUSTED 

1 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  96 


EFFECTIVE  YEARS 
39.08 


NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1  671261. 

115,8 

1.76 

56.9 

6  1938 

2.69 

2  2343472. 

404.3 

4.29 

23.3 

3  1962 

1.99 

3  3582326. 

618.1 

6.82 

14.7 

6  1946 

1.62 

4  4188954. 

722.8 

9.36 

10.7 

3  1975 

1.36 

INDEPENDENT  EVENTS  EXHAUSTED 


i 


C-58 


Red  River  at  North  River  -  Year  203 0  Case 


RED  RIVER  AT  NORTH  RIVER  /  KRAGNES 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  2 

EFFECTIVE  YEARS 
46  •  92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

1136. 

9.4 

1.47 

68.2 

2 

1933 

2.84 

2 

1256. 

10.4 

3.58 

27.9 

n 

1937 

2.13 

3 

1347. 

11.2 

5.69 

17.6 

n 

1935 

1 . 76 

4 

1830. 

15.2 

7.81 

12.8 

9 

1940 

1 .51 

5 

1890. 

15.7 

9.92 

10.1 

9 

1934 

1.31 

6 

2009. 

16.6 

12.04 

8.3 

12 

1970 

1 .15 

7 

2009. 

16.6 

14.15 

7.1 

12 

1939 

1.02 

8 

2009. 

16.6 

16.26 

6.1 

12 

1936 

.90 

9 

2009. 

16.6 

18.38 

5.4 

12 

1933 

.79 

10 

2167. 

17.9 

20.49 

4.9 

11 

1934 

.  70 

11 

2167. 

17.9 

22.61 

4.4 

1 1 

1932 

.61 

12 

2190. 

18.1 

24.72 

4.0 

12 

1940 

.53 

13 

2288. 

18.9 

26.83 

3.7 

11 

1935 

.46 

14 

2483. 

20.6 

28.95 

3.5 

10 

1939 

.39 

15 

2483. 

20.6 

31.06 

3.2 

10 

1940 

.32 

16 

2483. 

20.6 

33.18 

3.0 

10 

1936 

.26 

17 

2483. 

20.6 

35.29 

2.8 

10 

1933 

.20 

18 

2544. 

21.1 

37.40 

2.7 

10 

1931 

.  14 

19 

2906. 

24.1 

39.52 

2.5 

10- 

1930 

.09 

20 

3102. 

25.7 

41.63 

2.4 

9 

1976 

.03 

21 

3102. 

25.7 

43.75 

2.3 

9 

1934 

-.02 

22 

3102. 

25.7 

45.86 

2.2 

9 

1932 

-.07 

23 

3177. 

26.3 

47.97 

2.1 

1 

1938 

-.12 

24 

3298. 

27.3 

50.09 

2.0 

1 

1936 

-.17 

si  r  o  si  w  w  'O  *  o  o>  rg  >o  9>  w  o  -o  o  u  oi  ^ 


(continued ) 


YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 
3 


EFFECTIVE  YEARS 
46.83 


NUMBER 


1 

o 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

2216. 

12.2 

1.47 

68.1 

r> 

1937 

2790. 

15.4 

3.59 

27.9 

1940 

2850. 

15.7 

5.70 

17.5 

9 

1934 

3001  . 

16.6 

7.82 

12.8 

o 

1933 

3212. 

17.7 

9.94 

10.1 

n 

1935 

3308. 

18.3 

12.06 

8.3 

12 

1940 

3532. 

19.5 

14.18 

7.1 

1 1 

1939 

3532. 

19.5 

16.29 

6.1 

11 

1934 

3532. 

19.5 

18.41 

5.4 

11 

1933 

3532. 

19.5 

20.53 

4.9 

11 

1936 

3532. 

19.5 

22.65 

4 . 4 

1 1 

1932 

3653. 

20.2 

24.76 

4.0 

11 

1935 

4015. 

22.2 

26.88 

3.7 

11 

1931 

4588. 

25.3 

29.00 

3.4 

1 

1971 

4643 . 

25.6 

31 .12 

3.2 

10 

1930 

4903. 

27.1 

33.23 

3.0 

2 

1936 

5084. 

28.1 

35.35 

2.8 

2 

1938 

5792. 

32.0 

37.47 

2.7 

8 

1932 

6154. 

34.0 

39.59 

2.5 

8 

1934 

7174. 

39.6 

41.71 

2.4 

9 

1940 

7602. 

42.0 

43.82 

2.3 

10 

1938 

7603. 

42.0 

45.94 

2.2 

8 

1936 

8223 . 

45,4 

48.06 

2.1 

2 

1931 

8267. 

45.6 

50.18 

2.0 

8 

1933 

GUMBEL  K 
2.83 
2.13 
1.76 
1.51 
1.31 
1 .15 
1..01 
.90 
.79 
,7.0 
.61 
.53 
.46 
.39 
.32 
.26 
.20 
.  14 
.08 
.03 
-.02 
-.07 
-.12 
-.17 


( continued ) 


YEARS  (RECORD)  MONTHS 
47  0 

EFFECTIVE  YEARS 
46.75 


DURATION  IN  MONTHS 
4 


NUMBER 


VOLUME 
AC-FT 
3265. 
3839. 
3899. 
4050. 
4261  . 
4673. 
5035. 
5752. 
5938. 
5938. 
5938. 
5938. 
8590. 
9815. 
10160. 
10540. 
11264. 
12338. 
17419. 
17834. 
19182. 
21706. 
22010. 
23097. 


RATE 

CFS 

13.5 
15.9 
16 . 1 
16.8 

17.6 

19.3 

20.8 

23.8 

24.6 
24.6 
24.6 

24.6 

35.6 

40.6 

42.1 

43.6 

46.6 

51.1 

72.1 

73.8 

79.4 

89.9 

91 . 1 

95.6 


EXCEED 
FREQ 
1.47 
3.59 
5.71 
7.84 
9.96 
12.08 
14.20 
16.32 
18.44 
20.56 
22.69 
24.81 
26.93 
29.05 
31 . 17 
33.29 
35.42 
37.54 
39.66 
41.78 
43.90 
46.02 
48.14 
50.27 


RECUR 

INT 

67.9 

27.8 
17.5 

12.8 
10.0 

8.3 
7.0 
6.1 

5.4 
4.9 

4 . 4 
4.0 

3.7 

3.4 
3.2 
3.0 

2.8 

2.7 


ENDING 
DATE 
2  1*937 
2  1940 
2  1934 
2  1933 
2  1935 
12  1940 
12  1935 
11  1931 
10  1936 
10  1932 
10  1934 

10  1933 

11  1930 
2  1938 

11  1938 
2  1970 

2  1971 
10  1939 

1  1930 

12  1961 
6  1934 
1  1975 

3  1931 
3  1932 


GUMBEL  K 
2.83 
2.13 
1.76 
1.50 
1.31 
1.15 
1.01 


.20 
.  14 
.08 
.03 
-.02 
-.07 
-.12 
-.17 


C-61 


(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 


EFFECTIVE  YEARS 
46.58 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  h 

1 

5748. 

15.9 

1.48 

67.7 

2  1937 

2.83 

o 

6322. 

17.5 

3.61 

27.7 

2  1940 

2.13 

3 

6382. 

17.6 

5.73 

17.4 

2  1934 

1 . 76 

4 

6533. 

18.0 

7.86 

12.7 

2  1933 

1.50 

5 

6744. 

18.6 

9.99 

10.0 

2  1935 

1.31 

6 

8555. 

23.6 

12.12 

8.2 

2  1936 

1 .15 

7 

10077. 

27.8 

14.25 

7.0 

1  1941 

1.01 

8 

10724. 

29.6 

16.38 

6.1 

12  1931 

.89 

9 

13518. 

37.3 

18.51 

5.4 

1  1931 

.  79 

10 

19435. 

53.7 

20.64 

4.8 

1  1939 

.69 

11 

21656. 

59.8 

22.77 

4.4 

2  1970 

.  6  1 

12 

22637. 

62.5 

24.90 

4.0 

8  1934 

.53 

13 

23649. 

65 . 3 

27.02 

3.7 

2  193d 

.45 

14 

27887. 

77 . 0 

29.15 

3.4 

1  1962 

.38 

15 

30485. 

84.2 

31.28 

3.2 

8  1932 

.31 

16 

35361. 

97.6 

33.41 

3.0 

2  1971 

.  25 

17 

36810. 

101.6 

35.54 

2.8 

2  1957 

.  19 

18 

39539. 

109.2 

37.67 

2.7 

1  1942 

.  13 

19 

42304. 

_JL 1_6_.J 

_  39l80_ 

_2_*  5 

2  1949 

.08 

20 

42741 . 

118.0 

41.93 

2.4 

8  1933 

.03 

21 

44900. 

124.0 

44.06 

2.3 

2  1950 

-.03 

22 

53050. 

1 46 . 3 

46.19 

2.2 

2  1961 

-  .08 

23 

53111. 

146.6 

48.31 

2.1 

2  1968 

-.13 

24 

54545. 

150.6 

50.44 

2.0 

3  1975 

-.17 

C-62 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 


EFFECTIVE  YEARS 
46.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

12325a- _ 

_ 22,  7  . 

_ La.4.8 

67.3. 

2 

-1 933- 

_  2a  8  3 

9 

12898. 

23.7 

3.63 

27.6 

2 

1935 

2.12 

3 

13351 . 

24.6 

5.77 

17.3 

2 

1937 

1.75 

4 

14649. 

...  27  ^0 

...  .7_a9L 

.  L2.6 

2 

1934 

1.50 

5 

23322. 

42.9 

10,05 

10.0 

3 

1940 

1.30 

6 

31412. 

57.8 

12.19 

8.2 

3 

1932 

1.14 

7 

32700. 

60.2 

14.33 

7.0 

2 

1936 

1,01 

8 

35819. 

65.9 

16.47 

6.1 

3 

1931 

.89 

9 

39402. 

72.5 

18.61 

5.4 

2 

1941 

.78 

10 

52176. 

96.0 

20.75 

4.8 

4 

1938 

,69 

11 

56708. 

104.4 

22.89 

4.4 

3 

1962 

.60 

12 

58359. 

107.4 

25.03 

4.0 

2 

1939 

.52 

13 

70534. 

129.8 

27.17 

3.7 

3 

1942 

,45 

14 

82850. 

152.5 

29.31 

3.4 

3 

1949 

.38 

15 

94920. 

174,7 

31.45 

3.2 

4 

1961 

.31 

16 

95402. 

_ 1.25,6 

33.59 

3.0 

3 

1970 

.25 

17 

96011. 

176.7 

35.73 

2,8 

3 

1957 

.19 

18 

112433. 

206.9 

37.87 

2.6 

3 

1965 

.13 

19 

114480.  _ 

_ 210.7 

40.01 

2.5 

4 

1959 

.07 

20 

116412. 

214.2 

42.15 

2.4 

4 

1968 

.02 

21 

117590. 

216.4 

44.29 

2.3 

s 

1971 

-.03 

99 

•m  A- 

121911. 

224.4 

46,43 

2.2 

3 

1964 

-.08 

23 

139782. 

257,3 

48.57 

2.1 

3 

1960 

-.13 

24 

139802. 

257.3 

50.71 

2.0 

2 

1950 

-.18 

( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  12 

EFFECTIVE  YEARS 
46.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

29019. 

40.1 

1.49 

67.0 

6 

1934 

2.82 

2 

31223. 

43.1 

3.64 

27.4 

3 

1933 

2.12 

3 

53198. 

73.4 

5.80 

17.3 

3 

1937 

1.75 

4 

66209. 

91.4 

7.95 

12.6 

12 

1931 

1.49 

5 

76231  . 

105.2 

10.10 

9.9 

3 

1936 

1.30 

6 

76593. 

105.7 

12.25 

8.2 

7 

1940 

1.14 

7 

94222. 

1.30_±J_ 

,1_4.  40 

6.9 

11 

1938 

1 .00 

8 

110704. 

152.8 

16.56 

6.0 

3 

1962 

.88 

9 

131170. 

181 . 1 

18.71 

5.3 

7 

1941 

.78 

10 

143426. 

198.0 

20.86 

4.8 

12 

1930 

.68 

11 

162685. 

224.6 

23.01 

4.3 

6 

1949 

.60 

12 

195467. 

269.8 

25.16 

4.0 

6 

1971 

.52 

13 

200418. 

276.6 

27.32 

3.7 

5 

1959 

.44 

14 

218228. 

301.2 

29.47 

3.4 

8 

1968 

.37 

15 

222816. 

307.6 

31.62 

3.2 

9 

1976 

.30 

16 

2331.40 

.321,8 

33.77 

3.0 

7 

1955 

.24 

17 

240023. 

331.3 

35.92 

2.8 

4 

1957 

.  18 

18 

265379. 

366.3 

38.07 

2.6 

9 

1973 

.  12 

19 

_  277756.. _ 

_3.8i,  4 

_4S_«.23_ 

..  2.5 

_ .6. 

1970  ... 

_  .*S>2_ 

20 

281982. 

389.2 

42.38 

2.4 

10 

1964 

.01 

21 

302327. 

417.3 

44.53 

2.2 

2 

1961 

-.04 

22 

327805. 

452.5 

46.68 

2.1 

7 

1942 

-.09 

23 

348392. 

480.9 

48.83 

2.0 

6 

1946 

-.14 

24 

371636. 

513.0 

50.99 

2.0 

3 

1975 

-.  19 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 
47  0  24 


EFFECTIVE  YEARS 

45. 

08 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

76784. 

53.0 

1.53 

.65.5 

4_19.34.. 

2.81 

n 

129429. 

89 . 3 

3.72 

26.8 

3  1937 

2.10 

3 

163449. 

112.8 

5.92 

16.9 

4  1932 

1.73 

4 

191764. 

132.3 

8.12 

1 2 ,3 

_5.  1931  _ 

. 1,47 

5 

253465. 

174.9 

10.32 

9,7 

3  1939 

1.28 

6 

417619. 

288.2 

12.52 

8.0 

3  1962 

1  .  12 

7 

450764. 

31.1 . 1_ 

13  .72 

...  _6  *-8.. 

.3  3  960 

_  ,98 

8 

473223. 

326.6 

16.92 

5.9 

6  1971 

♦  8  6 

9 

525144. 

362.4 

19.12 

5.2 

1  1950 

.76 

10 

543135. 

.3.7.4  >8. 

...  _21.i.32 

4_«_Z- 

_2_12_57. 

66 

11 

647580. 

446.9 

23.52 

4.3 

3  1965 

.58 

12 

654825. 

451.9 

25.72 

3.9 

3  1975 

.50 

13 

816564. 

563 » 6 

..27  ♦  ?2__ 

_  3,6 

3.1969 

.42 

14 

872107. 

601,9 

30.12 

3.3 

3  1947 

.35 

15 

1017304. 

702.1 

32.31 

3.1 

2  1955 

,28 

16 

1153083. 

795.8 

34^5 1 

...  2.9 

5  -1933 

.22 

17 

1342051 . 

926.2 

36.71 

2.7 

1  1952 

.16 

18 

1849848. 

1276.7 

38.91 

2.6 

3  1967 

.10 

INDEPENDENT  EVENTS  EXHAUSTED 


(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  .  ..  0  ...  .48 

EFFECTIVE  YEARS 
43.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

183120. 

63.2 

1.60 

62.7 

2 

1935 

2.77 

2 

358926. 

123.9 

3.90 

25.7 

2 

1939 

2.06 

3 

852022. 

294.0 

6.20 

16.  1 

3 

1943 

1.69 

4 

868383. 

299.7 

8.50 

11.8 

3 

1962 

1 . 44 

5 

1327943. 

458.2 

10.80 

9.3 

3 

1958 

1.24 

6 

1576619, 

544.1 

13.10 

7.6 

3 

1950 

1.08 

7 

1584226. 

546.7 

15.40 

6.5 

8 

1973 

.94 

8 

2421962. 

835.8 

17.70 

5.7 

10 

1966 

.83 

9 

3040363. 

1049.2 

20.00 

5.0 

3 

1954 

.72 

INDEPENDENT  EVENTS  EXHAUSTED 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  96 

EFFECTIVE  YEARS 
39.08 


NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1  524296. 

90.5 

1.76 

56.9 

6  1938 

2.69 

2  2196326. 

379.0 

4.29 

23.3 

.3.  1962 

1.99 

3  3435180. 

592.7 

6.82 

14.7 

6  1946 

1.62 

4  4041808, 

697.4 

9.36 

10.7 

3  1975 

1.36 

INDEPENDENT  EVENTS  EXHAUSTED 


Buffalo  River  at  Dilworth  -  Year  2030  Case 


BUFFALO  RIVER  AT  DILWORTH  /  HOORHEAD  /  6LYND0N  /  KRAGNES 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0.  . . . 2 - - 

EFFECTIVE  YEARS 

46.92  -  -  - 


NUMBER 


'OLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

.  CFS 

FREQ _ 

_ INI 

_BAT£-_ 

60. 

.5 

1.47 

68.2 

9 

1936 

121 . 

1.0 

3.58 

27.9 

n 

1940 

24  I  t 

__  2,Q._ 

__.-5.t69_ 

_ .  1_7_.6 

2 

1936 

241 . 

2.0 

7.81 

12.8 

9 

1939 

241  . 

2.0 

9.92 

10.1 

n 

A. 

1942 

302. 

2.5 

12.04 

8.3 

8 

1934 

302. 

2.5 

14.15 

7.1 

9 

1976 

483. 

4.0 

16.26 

6.1 

3 

1937 

543. 

4.5 

18.38 

5.4 

9 

1932 

543. 

4.5 

20.49 

4.9 

2 

1933 

543. 

4.5 

22.61 

4.4 

1 

1938 

604. 

5.0 

24.72 

4.0 

1939 

724. 

6.0 

26.83 

3.7 

1 

1937 

845. 

7.0 

28.95 

3.5 

9 

1938 

906. 

7.5 

31  .J>6_ 

3.2 

9 

1930 

906. 

7.5 

33.18 

3.0 

9 

1933 

906. 

7.5 

35.29 

2.8 

11 

1936 

906. 

7.5 

37.*  4.0 

2.7 

10 

1940 

966. 

8.0 

39.52 

2.5 

12 

1932 

966. 

8.0 

41.63 

2.4 

12 

1935 

966. 

8.0 

43.75 

2.3 

11 

1939 

966. 

8.0 

45.86 

2.2 

n 

tm 

1950 

966. 

8.0 

47.97 

2.1 

O 

d. 

1963 

1026. 

8.5 

50.09 

2.0 

8 

1940 

GUMBEL  K 
2.84 
2.13 
1.76 
1  . 

1 . 

1 . 

1 . 


M  W  vj  W  W  O  W  >0  &•  W  O  ■<)  O  I  J  LI  H  k 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  3 


EFFECTIVE  YEARS 
46.83 

NUMBER  VOLUME 


AC-FT 

1 

181  . 

2 

241. 

3 

543. 

4 

604. 

5 

664. 

6 

845. 

7 

845. 

8 

906. 

9 

906. 

10 

906. 

11 

966. 

12 

1087. 

13 

1268. 

14 

1328. 

15 

1389. 

16 

1449. 

17 

1751  . 

18 

1811. 

19 

1811 . 

20 

1811 . 

21 

1811  . 

22 

1932. 

23 

2113. 

24 

2113. 

RATE 

EXCEED 

RECUR 

CFS 

FREQ 

INT 

1.0 

1.47 

68.1 

1.3 

3.59 

27.9 

3 . 0 

5.70 

17.5 

3.3 

7.82 

12.8 

3.7 

9.94 

10.1 

4.7 

...12 »  Oj6 

.8.3 

4.7 

14.18 

7.1 

5.0 

16.29 

6.1 

5.0 

18.41 

5.4 

5.0 

20.53 

4.9 

5.3 

22.65 

4.4 

6.0 

24.76 

4.0 

7.0 

26 . 88 

3.7 

7.3 

29.00 

3.4 

7.7 

31,12 

3,2 

8.0 

33.23 

3.0 

9.7 

35.35 

2.8 

10.0 

37.47  . 

2,7 

10.0 

39.59 

2.5 

10.0 

41.71 

2.4 

10.0 

43.82 

2.3 

10.7 

45.94 

2.2 

11.7 

48.06 

2.1 

11^7 

50.18 

2.0 

ENDING 


DATE 

GUMBEL  K 

9 

1936 

2.83 

3 

1940 

2.13 

10 

1939 

1.76 

o 

1936 

1.51 

9 

1934 

1.31 

3 

1937 

1  .-15 

2 

1938 

1.01 

2 

1933 

.90 

2 

1942 

.79 

9 

1976 

.70 

9 

1932 

.61 

r> 

1939 

.53 

12 

1936 

.46 

10 

1938 

.39 

9 

1940 

.32 

9 

1933 

.26 

2 

1941 

.20 

2 

1930 

.14 

9 

1930 

.08 

2 

1931 

.03 

1 

1935 

-.02 

10 

1931 

-.07 

2 

1944 

-.12 

9 

ft- 

1949 

-.17 

C-6  8 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  .  _  0  .  .  4 _ 

EFFECTIVE  YEARS 
46.75 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

_ TNT _ 

_ DATE _ 

GUHBEL  K 

1 

543. 

2.3 

1.47 

67.9 

10 

1936 

2.83 

2 

724. 

3.0 

3.59 

27.8 

3 

1940 

2.13 

3 

1026. 

4.3 

5.71 

17.5 

10 

1939 

1.76 

4 

1207. 

5.0 

7.84 

12.8 

2 

1936 

1.50 

5 

1207. 

5.0 

9.96 

10.0 

3 

1937 

1.31 

6 

1509. 

6.3 

12.08 

8.3 

.2 

1933 

1  .  15 

7 

1509. 

6.3 

14.20 

7.0 

2 

1938 

1.01 

8 

1570. 

6.5 

16.32 

6.1 

9 

1934 

.89 

9 

1751 . 

7.3 

1 8_,_44_ 

_5j_4_ 

_1.0_ 

.1232 _ 

_  _ i79. 

10 

1751  . 

7.3 

20.56 

4.9 

2 

1939 

.70 

11 

1932. 

8.0 

22.69 

4.4 

10 

1940 

.61 

12 

2355. 

9.8 

24.81. 

4,0 

.10 

_  1.9  33 

.53 

13 

2355. 

9.8 

26.93 

3.7 

10 

1938 

.45 

14 

2355. 

9.8 

29.05 

3.4 

9 

1942 

.38 

15 

2355. 

9.8 

31 . 17 

3.2 

9 

1976 

.32 

16 

2596. 

10.8 

33.29 

3.0 

2 

1930 

.25 

17 

2596. 

10.8 

35.42 

2.8 

11 

1930 

.20 

18 

2656. 

11.0 

37.54 

2.7 

2 

1941 

.14 

1? 

2717. 

11  .3 

39.66 

2.5 

2 

1935 

.08 

20 

2958. 

12.3 

41.78 

2.4 

10 

1931 

.03 

21 

3079. 

12.8 

43.90 

2.3 

3 

1962 

-.02 

22 

3200. 

13.3 

46,02 

2.2 

2 

1949 

-.07 

23 

3260. 

13.5 

48.14 

2.1 

2 

1932 

-.12 

24 

3441 . 

14,3 

50.27 

2.0 

10 

1937 

-.17 

( continued ) 


YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 
6. 


EFFECTIVE  YEARS 
46.58 


UMBER 

VOLUME 

RATE 

EXCEED 

RF.CUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

1449. 

4.0 

1.48 

67.7 

12 

1936 

2.83 

2 

1690. 

4.7 

3.61 

27.7 

9 

1940 

2.13 

3 

2596. 

7.2 

5.73 

17.4 

1 

1933 

1.76 

4 

2656. 

7.3 

7.86 

12.7 

2 

1939 

1.50 

5 

2777. 

7.7 

9.99 

10.0 

2 

1936 

1.31 

6 

3079 . 

8.5 

12.12 

8.2 

12 

1934 

1 .15 

7 

3079. 

8.5 

14.25 

7.0 

2 

1938 

1.01 

8 

3441 . 

9.5 

16.38 

6.1 

12 

1940 

.89 

9 

3683. 

10.2 

18.51 

5.4 

1 

1931 

.79 

10 

4347. 

12.0 

20.64 

4.8 

12 

1933 

.69 

11 

4407. 

12.2 

22.77 

4.4 

2 

1932 

.61 

12 

4951 , 

13.7 

24.90 

4.0 

2 

1949 

.53 

13 

5071  . 

14.0 

27.02 

3.7 

2 

1942 

.45 

14 

5675. 

15.7 

29.15 

3.4 

2 

1951 

.38 

15 

5796. 

16.0 

.31 1.28. 

-_3_.2_- 

_2. 

JL9jS8 _ 

.31 

16 

5917. 

16.3 

33.41 

3.0 

1 

1962 

.  25 

17 

6339. 

17.5 

35.54 

2.8 

1 

1971 

.19 

18 

6581  . 

18,2 

_3Zi6Z 

_ 2_125Q„ _ 

.13 

19 

7003, 

19.3 

39,80 

2.5 

4 

1944 

.08 

20 

7184, 

19,8 

41.93 

2.4 

2 

1957 

.03 

21 

7788. 

21.5 

44.06 

2.3 

2 

1948 

-.03 

22 

7969. 

22.0 

46.19 

2.2 

3 

1930 

-.08 

23 

7969. 

22.0 

48.31 

2.1 

3 

1955 

-.13 

24 

8090. 

22,3 

50.44 

2.0 

3 

1965 

-.17 

C-70 


(continued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 

EFFECTIVE  YEARS 

46,33 .  _  ...  .  _ _ 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

_ A  OF  T 

CES 

-F.RE.Q_.  . 

_ IHJ _ 

.  _DAIE _ 

GUMBEL  K 

1 

2294. 

4.2 

1.48 

67.3 

3  1937 

2.83 

n 

2415. 

4.4 

3.63 

27.6 

3  1940 

2. 12 

3  _ 

5X92, 

9,6.. 

5.77 

17*3 

2  1933 

1,75 

4 

5434. 

10.0 

7.91 

12.6 

2  1935 

1.50 

5 

5675. 

10.4 

10,05 

10.0 

2  1941 

1 .30 

6 

7003. 

12.9 

12.19 

8.2 

2  J9.31 

1 .  14 

7 

7366. 

13.6 

14.33 

7.0 

2  1934 

1 .01 

8 

7788. 

14.3 

16.47 

6.1 

2  1932 

.  89 

9 

7788. 

14.3 

18.61 

5.4 

2  1938 

.78 

10 

7969. 

14.7 

20.75 

4.8 

3  1942 

.69 

11 

8633. 

15.9 

22.89 

4.4 

3  1962 

.60 

12 

8754. 

16.1 

.25  ,_0_3 

4,0- 

2  1936  ... 

.52 

13 

9237. 

17.0 

27.17 

3.7 

2  1939 

.  45 

14 

9599. 

17.7 

29.31 

3.4 

3  1949 

.38 

15 

10988. 

_  .2_Q_l2 

_31 .45 

3  *  2 

3  1951 

.31 

16 

13524. 

24.9 

33.59 

3.0 

3  1955 

.25 

17 

13584. 

25.0 

35.73 

2.8 

3  1965 

.19 

18 

.  15335.. 

28.2  _ 

37,87_ 

__2t6. 

_  3._1?7 1- 

.13 

19 

15637. 

28.8 

40.01 

2.5 

3  1948 

.07 

20 

16120. 

29.7 

42.15 

2.4 

2  1957 

.02 

21 

17689. 

32.6 

44.29. 

2.3 

3  1968 

-.03 

22 

17870. 

32.9 

46.43 

2.2 

4  1944 

-.08 

23 

18233. 

33.6 

48.57 

2.1 

2  1950 

-.13 

24 

19199. 

35.3 

50.71 

2,0 

3  1969 

-.18 

071 


(continued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  _  _  _ 0  _  _  12 

EFFECTIVE  YEARS 
46.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

14731 . 

20.3 

1 . 49 

67.0 

3 

1932 

2.82 

2 

17569. 

24.3 

3 . 64 

27.4 

4 

1937 

2.12 

3 

17_?31. 

24.8 

5.80 

17.3 

1 

1935 

1 . 75 

4 

19319. 

26.7 

7 .95 

12.6 

4 

1940 

1  .  49 

5 

19802. 

27.3 

10.10 

9.9 

4 

1942 

1 . 30 

6 

20225, 

27.9 

12,25 

8.2 

9 

1930 

1.14 

7 

20949. 

28.9 

14.40 

6.9 

4 

1933 

1 . 00 

8 

20949. 

28.9 

16.56 

6.0 

3 

1936 

.88 

9 

23606. 

32.6 

18.71 

5.3 

4 

1938 

.78 

10 

31334. 

43.3 

20.86 

4.8 

6 

1949 

.68 

11 

31877, 

44.0 

23.01 

4 . 3 

8 

1973 

.  60 

12 

34473. 

47.6 

25.16 

4.0 

4 

1941 

.52 

13 

36526. 

50.4 

27.32 

3.7 

3 

1962 

.44 

14 

39363. 

54.3 

29.47 

3.4 

6 

1971 

.37 

IS 

41718. 

57.6 

31.62 

3.2 

7 

1968 

.30 

16 

47151 . 

65.1 

33.77 

3.0 

6 

1955 

.24 

17 

48359. 

66.8 

35.92 

2.8 

9 

1976 

.  18 

18 

53490. 

73.8 

38.07 

2.6 

4 

1939 

.  12 

19 

57052. 

78.8 

40.23 

2.5 

5 

1957 

.07 

20 

62124. 

85.8 

42.38 

2.4 

4 

1970 

.01 

21 

62546. 

86,3 

44.53 

2.2 

6 

1944 

-  .04 

22 

62667. 

86.5 

46 . 68 

2.1 

6 

1948 

-.09 

23 

65625. 

90.6 

48.83 

2.0 

6 

1946 

-.14 

24 

75949, 

104,8 

50.99 

2.0 

3 

1964 

-  .  19 

(contl nued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0 . .  24 

EFFECTIVE  YEARS 
45.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

34896. 

24.1 

1.53 

65.5 

2  1933 

2.81 

2 

41054. 

28.3 

3.72 

26.8 

5  1935 

2.10 

3 

.4-1174.  . 

28.4 

5.92, 

16.9 

_4_L?38.  ... 

.  1.73 

4 

48902. 

33.8 

8.12 

12.3 

3  1941 

1.47 

5 

94001 . 

64.9 

10.32 

9.7 

6  1949 

1.28 

6 

99676. 

68.8 

12,52- 

8..  0 

3  1943 

...  1.12 

7 

116218. 

80.2 

14.72 

6.8 

6  1971 

.98 

8 

131492. 

90.8 

16.92 

5.9 

6  1955 

.86 

...9 _ 

1.33243^  - 

_ 92  _ 

_1.9_.12. 

__5-i2- 

4  1962 _ 

_  ,76 

10 

143024. 

98.7 

21.32 

4.7 

3  1974 

.66 

11 

148819. 

102.7 

23.52 

4.3 

5  1958 

.58 

12 

_1 49544., 

103.2. 

25.72 

3.9 

.3  12.69 _ 

.50 

13 

167052. 

115.3 

27.92 

3  •  6 

3  1947 

.42 

14 

169346. 

116.9 

30.12 

3.3 

3  1965 

.35 

15 

_18.625.1_. _ 

-  _128jl5_ 

.32«_31 

3.1 

_ 6 _ 1252. _ 

.....  .  .28 

16 

340021 . 

234.7 

34.51 

2.9 

3  1967 

,22 

17 

349439, 

241.2 

36.71 

2.7 

3  1945 

.16 

18 _ 

365136.. 

252.0 

38,91 

2.6 

.  9  J27A- _ 

_ .10 

INDEPENDENT  EVENTS  EXHAUSTED 


•  '"Mrit  lnue<i ) 


YEARS  JtRECQRIL)__MQNIHS _ DURATION  JN_  MONTHS 

47  0  48 


EFFECTIVE  YEARS, 
43.08 


NUMBER 

VOLUME 

.  ..RATE. 

EXCEED 

.RECUR 

ENDING  _ 

AC-FT 

CFS 

FREQ 

INT 

DATE 

6UMBEL  K 

1 

76191 . 

26.3 

1.60 

62.7 

9  1934 

2.77 

2 

111932. 

.38 .6 

3.90 

25.7 

5  1940 

2.06 

3 

266003. 

91.8 

6.20 

16.1 

5  1944 

1.69 

4 

287074. 

99.1 

8.50 

11.8 

3  1950 

1.44 

5 

308204. 

J.06..J. 

10.80 

.9.3 

6  1971 _ 

1.24 

6 

324022. 

111.8 

13.10 

7.6 

3  1962 

1.08 

7 

339779. 

117.3 

15.40 

6.5 

8  1957 

.94 

8 

476222. 

164.3 

17.70 

5.7 

6  1975 

.83 

9 

499707. 

172.4 

20 . 00 

5.0 

12  1966 

.72 

INDEPENDENT  EVENTS  EXHAUSTED 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  96 

EFFECTIVE  YEARS 
39.08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

190899. 

32.9 

1.76 

56.9 

4  1938 

2.69 

2 

638807. 

110.2 

4.29 

23.3 

5  1946 

1.99 

3 

697550. 

120.4 

6.82 

14.7 

3  1962 

1.62 

4 

742769. 

128.2 

9.36 

10.7 

3  1975 

1.36 

INDEPENDENT  EVENTS  EXHAUSTED 


South  Branch  Buffalo  River  at  Sabin  -  Year  2030  and  1980  Cases 


BUFFALO  RIVER  AT  SABIN 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  2 


EFFECTIVE  YEARS 
46.92 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

0 

0 

1.47 

68.2 

9 

1930 

2.84 

9 

0 

0 

3.58 

27.9 

1 

1931 

2.13 

3 

0 

0 

5.69 

17.6 

8 

1932 

1.76 

4 

0 

0 

7.81 

12.8 

1 

1933 

1.51 

5 

0 

0 

9.92 

10.1 

2 

1934 

1.31 

6 

0 

0. 

12.04 

8.3 

8 

1934 

.1 .  15 

7 

0 

0 

14.15 

7.1 

9 

1935 

1 .02 

8 

0 

0 

16.26 

6.1 

2 

1936 

.90 

9 

.0.  . 

0 

18.38 

5.4 

.8 

19.36 

....  Z9 

10 

0 

0 

20.49 

4.9 

2 

1937 

.70 

11 

0 

0 

22.61 

4.4 

1 

1938 

.61 

12 

0  _ 

0 

24.72 

4.0 

2 

1939 

.53 

13 

0 

0 

26.83 

3.7 

8 

1939 

.46 

14 

0 

0 

28.95 

3.5 

2 

1940 

.39 

15 

_ ft _ 

0 

.  J£i..-ft_6_ 

.....  3» 2_ 

.1.0 

.1940  _. 

.32 

16 

0 

0 

33.18 

3.0 

1 

1941 

.26 

17 

0 

ft 

35.29 

2.8 

8 

1941 

.20 

18 

_ £ _ 

.  Q__ 

37.40 

2.7 

1 

19.42  .. 

.14, 

19 

0 

0 

39.52 

2.5 

2 

1943 

.09 

20 

0 

0 

41.63 

2.4 

2 

1944 

.03 

21 

0  _ 

. o„ 

43.75 

_  2.3 

1 

.1.946 

...  r-.-02- 

22 

0 

0 

45.86 

2.2 

1 

1948 

-.07 

23 

0 

0 

47.97 

2.1 

2 

1949 

-.12 

24 

0. 

.  ..  0 

50.09. 

2.0 

2 

1950 

-.17 

(continued ) 


YEARS  (RECORD)  MONTHS 
47  _ 0 


DURATION  IN  MONTHS 
_  3 


EFFECTIVE  YEARS 


46.83 

■  - - -- 

— _  .. 

-  - 

---  -  ----  - 

'UMBER 

VOLUME 

RATE 

EXCEED 

RF.CUR 

ENDING 

AC.-F.T _ 

_ CFS-. 

FREQ. 

-INT 

DATE.  _ 

- GUMBEL-K 

1 

0 

0 

1.47 

68.1 

2 

1931 

2.83 

2 

0 

0 

3.59 

27.9 

2 

1933 

2.13 

3 

_ ft _ 

_ _0 . 

.  5  . .70. 

17.5 

.9 

19-34 

_ 1 . 7-6 

4 

0 

0 

7.82 

12.8 

9 

1936 

1.51 

5 

0 

0 

9.94 

10.1 

3 

1937 

1.31 

6 

0 

0 

..12  »_Q6 

8 . 3 

o 

.  .0m  . 

123-8 

. -AjAS 

7 

0 

0 

14.18 

7.1 

9 

1939 

1.01 

8 

0 

0 

16.29 

6.1 

3 

1940 

.90 

9 

0 

0 

18.41 

5.4 

2 

1941 

.79 

10 

0 

0 

20.53 

4.9 

2 

1942 

.70 

11 

0 

0 

22.65 

4.4 

2 

1946 

.61 

12 

0 

0 

24.76 

4.0 

2 

1948 

.53 

13 

0 

0 

26.88 

3.7 

3 

1949 

.46 

14 

0 

0 

29.00 

3.4 

3 

1951 

.39 

15 

o_ 

_0 

31.12 

3.2 

2 

1956 

_  .32  - 

16 

0 

0 

33.23 

3.0 

3 

1962 

.26 

17 

0 

0 

35.35 

2.8 

2 

1965 

.20 

18 

60. 

.3 

37,42 

2.7 

9 

1732 

.14 

19 

60. 

.3 

39.59 

2.5 

3 

1934 

.08 

20 

60. 

.3 

41 .7t 

2.4 

2 

1939 

.03 

21 

60. 

.3 

43.82 

2.3 

9 

1940 

-.02 

22 

60. 

.3 

45.94 

2.2 

2 

1961 

-.07 

23 

60. 

.3 

48.06 

2.1 

3 

1969 

-.12 

24 

60. 

.3 

50.18 

2.0 

3 

1975 

-.17 

( continued ) 


1 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  4 

EFFECTIVE  YEARS 
46.75 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

0 

0 

1.47 

67.9 

3 

1956 

2.83 

2 

0 

0 

3.39 

27.8 

3 

1965 

2.13 

3 

60. 

.3 

5.71 

17.5 

2 

1933 

1.76 

4 

60. 

.3 

7.84 

12.8 

9 

1936 

1.50 

5 

60. 

.3 

9.96 

10.0 

2 

1938 

1.31 

6 

60. 

.3 

12.08 

8.3 

9 

1939 

1 .  15 

7 

60. 

.3 

14.20 

7.0 

3 

1940 

1.01 

8 

60. 

.3 

16.32 

6.1 

10 

1940 

.89 

9 

60. 

.3 

18.44 

5.4 

3 

1951 

.79 

10 

121. 

.5 

20 . 56 

4.9 

2 

1931 

.70 

11 

121 . 

.  5 

22.69 

4.4 

9 

1934 

.61 

12 

121  . 

.5 

24,81 

4,0 

3 

1949 

.53. 

13 

121  . 

,  5 

26.93 

3.7 

9 

1976 

.45 

14 

181  . 

.8 

29.05 

3.4 

3 

1937 

.38 

15 

181  . 

.8 

-31,17 

3.2. 

_ 2  . 

1941  _ 

_  _._32_ 

16 

181. 

.8 

33.29 

3.0 

2 

1942 

.25 

17 

181. 

.8 

35,42 

2.8 

2 

1948 

.20 

18 

181. 

.8 

37,54. 

. 2.7 

3 

1962  _ 

.  14  - 

19 

241. 

1.0 

39.66 

2.5 

3 

1975 

.08 

20 

302. 

1.3 

41.78 

2.4 

2 

1946 

.03 

21 

362. 

1.5 

43,90 

2.3 

3 

1934 

t  » 02 

22 

362. 

1.5 

46.02 

2.2 

10 

1937 

-.07 

23 

362. 

1.5 

48.14 

2.1 

2 

1939 

-.12 

24 

423, 

1.8 

50-.27 

.2*0. 

9. 

-1932.  _ 

,  -.17. 

077 


( cont Inued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

_  47. _ Ol _  .  .  . .  6 _ 

EFFECTIVE  YEARS 

46,58 _  _ _ __  .  _ 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

181. 

♦  5 

1.48 

67.7 

2  1941 

2.83 

2 

241. 

.7 

3.61 

27.7 

11  1939 

2.13 

3 

302. 

.8 

5.73 

17.4 

2  1938 

__  .  _  L.7.6 

4 

362. 

l  .0 

7,86 

12.7 

11  1936 

1.50 

5 

362. 

1.0 

9.99 

10.0 

3  1956 

1.31 

6 

483. 

1.3 

12.12 

8.2 

.  12  1932 

.  .  „  1 ,15 

7 

483. 

1.3 

14.25 

7.0 

2  1949 

1.01 

8 

483. 

1.3 

16.38 

6.1 

3  1951 

.89 

9 

604. 

1.7 

AStSl 

_  J5  „4 

_2_1?JJ? 

t79 

10 

604 . 

1.7 

20.64 

4.8 

2  1950 

.69 

11 

664. 

1.8 

22.77 

4.4 

2  1948 

.61 

12 

724. 

2.0 

24.90 

4.0 

12  1941 

.53 

13 

785. 

2.2 

27.02 

3.7 

3  1931 

.45 

14 

785. 

2.2 

29.15 

3.4 

2  1954 

.38 

15 

..  __78  5_, 

2 . 2_ 

3.1j_28 

3,2 

2_  1557 

.31 

16 

845. 

2.3 

33.41 

3.0 

2  1936 

.25 

17 

906. 

2.5 

35.54 

2.8 

11  1934 

.19 

18 

_ 966., _ 

2 ,  Z_ 

37,67 

2,1 

_  _3„12A5  _ 

.13 

19 

1087, 

3.0 

39.80 

2.5 

2  1932 

.08 

20 

1087. 

3.0 

41.93 

2.4 

3  1934 

.03 

21 

1087. 

3.0 

44.06 

2.3 

2  1946 

-.03 

22 

1087. 

3.0 

46.19 

2.2 

3  1962 

-.08 

23 

1207. 

3.3 

48.31 

2.1 

3  1964 

-.13 

24 

1207. 

3,3 

50.44 

2.0 

2  1971 

-.17 

▼ 


T 


( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  9 


EFFECTIVE  YEARS 
46 » 33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  K 

1 

241  . 

.4 

1.48 

67.3 

3 

1940 

2.83 

2 

302. 

.6 

3.63 

27.6 

2 

1941 

2. 12 

3 

483. 

.9 

5.77 

17.3 

3 

1937 

1.75 

4 

845. 

1.6 

7.91 

12.6 

1933 

1.50 

5 

845. 

1.6 

10.05 

10.0 

3 

1949 

1.30 

6 

966. 

1.8 

12.19 

8.2 

3 

1951 

1 .14 

7 

1026. 

1.9 

14.33 

7.0 

2 

1935 

1.01 

8 

1026. 

1.9 

16.47 

6.1 

2 

1938 

.89 

9 

1268. 

2.3 

18.61 

5.4 

3 

1942 

.78 

10 

1509. 

2.8 

20.75 

4.8 

2 

1932 

.69 

11 

1570. 

2.9 

22.89 

4.4 

2 

1936 

.60 

12 

1630. 

3.0 

' 25.03 

4.0 

3 

1934 

.52 

13 

1630. 

3.0 

27.17 

3.7 

3 

1962 

.45 

14 

1872. 

3.4 

29.31 

3.4 

2 

1939 

.38 

15 

1992. 

3.7 

31.45 

3.2 

3 

1965 

.31 

16 

2294. 

4.2 

33.59 

3.0 

3 

1975 

.25 

17 

2415. 

4.4 

35.73 

2.8 

2 

1957 

.  19 

18 

2475. 

4,6 

37.87 

2.6 

2 

1950 

.13 

19 

3200. 

5.9 

40.01 

2.5 

5 

1931 

.07 

20 

3441. 

6.3 

42.15 

2.4 

3 

1964 

.02 

21 

3502. 

6.4 

44.29 

2.3 

3 

1955 

-.03 

22 

3985. 

7.3 

46.43 

2.2 

2 

1946 

-.08 

23 

4166. 

7.7 

48.57 

2.1 

3 

1968 

-.13 

24 

4286. 

7.9 

50.71 

2.0 

3 

1952 

-.18 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  . .  .0 _ _  12 

EFFECTIVE  YEARS 
46,08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

_ ACrFX _ 

_ CFS_ 

FREQ 

INI 

HATE _ 

_ GUilBEI _ K 

1 

2415. 

3.3 

1.49 

67.0 

9  1931 

2.82 

9 

4105. 

5.7 

3.64 

27.4 

3  1934 

2.12 

3 

4226.. _ 

_  5,8 

5,80 

17,3  - 

4  1.9.3Z.  .. 

_ 1.75 

4 

4407. 

6.1 

7.95 

12.6 

4  1942 

1.49 

S 

4649. 

6.4 

10.10 

9.9 

3  1936 

1.30 

6 

_ 507J.J _ 

_Z_».Q— . 

.  12,25 

-8.2  _ 

±232 _ 

_ 1.JL4 _ 

7 

7184. 

9.9 

14.40 

6.9 

3  1940 

1.00 

8 

7547. 

10.4 

16.56 

6.0 

3  1974 

.88 

9 

8030. 

11.1 

18.71 

.5.3 

-6  194.9. 

.  78 .. 

10 

8211 . 

11.3 

20.86 

4.8 

3  1935 

.68 

11 

10626. 

14.7 

23.01 

4.3 

3  1962 

.60 

12 

11109, 

15.3 

25.16 

4,0 

?..  1930-  . 

.  _..52 

13 

11773. 

16.3 

27.32 

3.7 

9  1976 

.44 

14 

11833. 

16.3 

29.47 

3.4 

4  1938 

.37 

15 

12195. 

_.16»8._ 

31,62 

3.2 

A  1971 

.30 

16 

12739. 

17.6 

33.77 

3.0 

3  1941 

.24 

17 

12859. 

17.8 

35.92 

2.8 

6  1968 

.18 

18 

153.35. _ 

_2_1  <  2 

,3-8  ,_Q2- 

„  -2 .6- . 

_  3  _1955 _ 

_  .12 

19 

15757. 

21.8 

40.23 

2.5 

3  1947 

.07 

20 

18414. 

25.4 

42.38 

2.4 

4  1970 

.01 

21 

19440. 

26.8 

44.53 

2.2 

5  1957 

-.04 

22 

20346. 

28.1 

46.68 

2.1 

4  1944 

-.09 

23 

21795. 

30.1 

48.83 

2.0 

6  1958 

-.14 

24 

22459. 

31.0 

50.99 

2.0 

6  1948- 

_-.19 

(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0_  .  24 

EFFECTIVE  YEARS 

45.08  . . 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

1 

8090. 

5.6 

1,53 

65,5 

9 

1932 

2.81 

o 

12316. 

8.5 

3.72 

26.8 

3 

1935 

2.10 

3 

16059. 

11.1 

5.92 

16.9 

4 

1938 

1.73 

4 

18414. 

12.7 

8.12 

12.3 

4 

1942 

1.47 

5 

30488. 

21.0 

10.32 

9.7 

6 

1949 

1.28 

6 

31696. 

21.9 

12.52 

8.0 

3 

1975 

1.12 

7 

32662. 

22.5 

14.72 

6.8 

4 

1940 

.98 

8 

34473. 

23.8 

16.92 

5.9 

5 

1971 

.86 

9 

37673. 

26.0 

19.12 

5.2 

6 

1955 

.76 

10 

41356. 

28.5 

21.32 

4.7 

5 

1958 

.66 

11 

46427. 

32.0 

23,52 

4.3 

3 

1947 

.58 

12 

47151 . 

32.5 

25.72 

3.9 

4 

1962 

.50 

13 

50230. 

34.7 

27.92 

3.6 

3 

1969 

.42 

14 

62063. 

42.8 

30.12 

3.3 

3 

1965 

.35 

15 

67014, 

46.3 

32.31 

3.1 

5 

1944 

.28 

16 

70455. 

48.6 

34.51 

2.9 

4 

1953 

.22 

17 

137349. 

94.8 

36.71 

2.7 

3 

1967 

.16 

INDEPENDENT  EVENTS  EXHAUSTED 


*  'r-  '  "  ■  *  - 

*  “■*  -  *  ‘  •  ^  T  • 

• 

1*] 

. 

U1 

i 

- 

I 

k 

k 

k 

k 

h 

(continued ) 

5 

i 

"1 

*' 

YEARS  (RECORD)  MONTHS 

DURATION  IN 

MONTHS 

»* 

■* 

:  47 

0 

48 

m 

h 

• 

:  EFFECTIVE 

YEARS 

* 

“  •* 

“ 

d 

L  43.08 

1 

;  NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

,\4 

w 

• 

AC-FT 

CFS 

_£BEQ 

INT 

.  DATE 

GUMBEL  K 

k 

i 

32481. 

11.2 

1.60 

62.7 

9  1934 

2.77 

... 

L 

2 

41718. 

14.4 

3.90 

25.7 

12  1938 

2.06 

h 

ii  3 

55121  . 

19.0 

6.20 

16.1 

3  1943 

1.69 

|  4 

90378. 

31.2 

8.50 

11.8 

3  1950 

1 . 44 

r 

5 

98710. 

34.1 

10.80 

9.3 

8  1973 

1.24 

* 

6 

102030. 

35.2 

13.10 

7.6 

6  1957 

1 .08 

■ 

7 

116158. 

40.1 

15.40 

6.5 

3  1962 

.94 

ii 

8 

183474. 

63.3 

17.70 

5.7 

5  1968 

.83 

l 

INDEPENDENT  EVENTS  EXHAUSTED 

5? 

i 

I  1 

c 

YEARS  (RECORD)  MONTHS 

DURATION  IN 

MONTHS 

1  47 

0 

96 

s  . 

• 

-•  EFFECTIVE 

YEARS 

39.08 

!  NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

J 

;■ 

„* 

AC-FT 

_C£3  _  - 

FREQ. 

J  NT 

.DAT.E_  . 

GUMBEL  K 

■1 

71482. 

12.3 

1.76 

56.9 

12  1937 

2.69 

2 

208649. 

36.0 

4.29 

23.3 

12  1945 

1.99 

V 

:  3 

224648. 

.  38.8 

.  6.82 

14.7 

3  1962 

1.62 

1  4 

239137. 

41.3 

9.36 

10.7 

3  1975 

1.36 

3 

5 

<  1 

296371  . 

51 , 1 

11.89 

8.4 

3  1954 

1.16 

9 

rr 

| 

;!* 

if 

*  * 

«.  * 
a  « 

C-  82 

n.' 

i 

« *’•  ** .  •*.  **,  »*,  **.  •'*  * 

Cm. >  -  A m  M  m  £m  £  m  1 1 .  £*  *,m  1 

.  v  *  -  *  *  ”, 

v- 

**.  -  »  "*.  '*.  • 

Sheyenne  River  at  Horace  -  Year  1980  Case 


YEAR  1980  SHEYENNE  RIVER  AT  HORACE 
YEARS  -RE C 0 E D  »  M 0 M T  H S  D UR AT  I  ON  I N  MO N T H S 

4  7  0  ~  '?. 


EFFECTIVE  YEARS 

4  6.?  2 


I 

1 

i 


NUMBF.fc 

UUL UME 

E  ATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

GUMPEL 

1. 

4  30  . 

4 . 0 

1 .47 

68.2 

3  1930 

2.34 

'•> 

60  1  . 

5.0 

3 . 33 

27.9 

3  1933 

2.13 

661  . 

cr  c; 

5.6  9 

17.6 

p  |  0  p 

1.76 

4 

6  61. 

c~  c~ 

7.31 

12.3 

3  19  4  0 

1.51 

i:: 

J 

317. 

L  ^  p 

r%  o  o 

7  ♦  t 

10.1 

6  19  3  4 

1.31 

6 

342  . 

7.0 

12.04 

3.3 

8  1?61 

1.15 

7 

331  . 

7 . 3 

14.15 

7.  1 

9  1937 

1.02 

p 

396  . 

7.4 

16 . 26 

6  .  1 

3  1941 

.  90 

? 

o  4  2  • 

~i  n. 

13.33 

5 . 4 

?  1967 

—1  r, 

%  / 

to 

V  S  £.  * 

“7  Q 

20 . 4 Q 

4 . 9 

11  1935 

.  "’A 

1 1 

r>  c’  2. 

Q 

22.61 

4 . 4 

2  19  4  0 

*  is  1 

t  ^ 

963. 

3 . 0 

24 . 72 

4.0 

3  193? 

*  53 

13 

963  . 

8 . 0 

26 . 83 

3  *  7 

3  1931 

.46 

14 

1017. 

3 . 4 

23.95 

3.5 

2  19  37 

.39 

15 

1017. 

8 . 4 

31.06 

3 . 2 

1  19  3  5 

"7 

*  w*  *2 

16 

1  2  4  4  . 

1  0 . 3 

33.13 

3.0 

?  195  ? 

.  26 

1.7 

14  25 . 

1  1  .  S 

35.2? 

2.8 

?  1  95  3 

.  20 

18 

1425  . 

.  11,3 

37 .40 

7  7 

9  1952 

.  1  4 

19 

143?  , 

11.9 

39,52 

7 . 5 

1  193? 

.  09 

2  0 

i  5  3  3  , 

12.7 

4  1.63 

2.4 

10  1933 

.  03 

i 

1*20. 

13.4 

.  7  7  c; 

7  7 

11  1937 

■■  *  0  *2' 

1  6  7  0  . 

1  8  -  i 

4  5 . 86 

cl  «  *2 

1  1934 

-.07 

(continued ) 


YEARS  (RECORD*  MONTHS 
4  ?  0 

EFFECTIVE  v EARS 
4  6  .  S  3 


DURATION  IN  MONTHS 
3 


NUMBER 

VOL.  LiME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

G  JJ  p  '£ 

J. 

I  0  52  . 

c;  0 

1  .  47 

68 . 1 

Q 

1*3  9 

2 . 8  3 

■> 

3  A  1  A  . 

7  O 

3 . 5? 

27.9 

9 

1  9  6  1 

2.17 

3 

1  5  3  5  . 

9 . 5 

5.70 

1  ?  .  5 

9 

1930 

1  .  7  0 

4 

15?!. 

8.3 

7.32 

1  2.8 

—f 

1934 

1.51 

I." 

1595  . 

8 . 8 

9 .94 

10.1 

9 

1937 

1.31 

1  7J6 . 

9 . 6 

12.06 

8 . 3 

■> 

3*40 

1.15 

1  7  3  6  ♦ 

?  .  6 

14.18 

7 . 1 

«■% 

1937 

1  .  0  1 

1 9 1 7 . 

3  0.8 

16.2? 

8 . 1 

7 

1941 

•» 

n 

1?51  • 

10.8 

18.41 

5 . 4 

1 1 

1935 

4  /  ■* 

1  0 

s  0  7  3  ♦ 

13.5 

20. 53 

4 . 9 

n 

19  58 

7  r\ 

1 1 

2  0  ?  3  . 

11.6 

22.65 

4 . 4 

8 

1939 

.  6  3. 

1.  2 

2  0  ?  9  . 

3  1.8 

24. 78 

4 . 0 

.J 

1935 

.  5  3 

.1.  3 

22  80  . 

12.6 

26.88 

3 . 7 

n 

1*3* 

.  46 

1 

->  -7  ur 

13.2 

29.00 

3.4 

r> 

■r* 

194  0 

.  3  9 

1  5 

2501  . 

13.8 

31.12 

7  ♦  2 

9 

1967 

■7  ej 

1  6 

252  3  . 

13.9 

33 . 23 

3.0 

12 

1 93* 

.  26 

1  7 

ni  i.  C>  ”* 

14  .  S 

35.35 

2 , 8 

9 

1933 

,  20 

.1.  8 

•“  7  a  n 

«_  »  4_  ♦ 

15.1 

37.47 

2 . 7 

9 

1959 

.  14 

•  V 

C'  *.  7 

15.8 

39 , 59 

7  cr 

9 

1?31 

.  0  8 

20 

3  0  0  4  . 

1  6 . 8 

41.71 

2.4 

1 

1934 

?  0  3 

?! 

3165. 

3  7.5 

43.82 

2 . 3 

? 

1973 

-.02 

3  3  6  6  . 

3  8.8 

4  5.?! 

p  t  9 

1 

1962 

-.0* 

7. 

3  7  2  9. 

20 . 6 

48 . 06 

2 . 1 

12. 

1931 

•  12 

p  £ 

3  8  2  9  , 

21.1 

50 . 18 

2 . 0 

9 

1  94? 

-  .  1  7 

C-85 


•  ' 


( continued  ) 


YEARS  ( R E C 0 R D  >  MO N T H S  DU R A T I  ON  . IN  MO NTH S 

47  0  4 


EFFECT  I UE 

YEARS 

46 . 75 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

C^S 

FREQ 

I  NT 

DATE 

GUMPE 

1 

2122. 

8.3 

1 .47 

67.9 

9 

1933 

2  ♦ 

n 

2  4  3  5. 

10.1 

3 , 59 

27.3 

10 

1937 

n 

3 

2  75  8  . 

11.4 

5.71 

17.5 

7 

1941 

i 

4 

~>  p,  7  9  # 

1  1 . 9 

7.84 

12.8 

3 

1  9  4  o 

i 

*  1 

3 180. 

13.2 

9.96 

10.0 

3 

1937 

i 

6 

3220  . 

13.3 

12.03 

8 . 3 

10 

1930 

i 

7 

3329 . 

13.8 

14.20 

7 . 0 

9 

1961 

i 

(3 

3362  . 

13.9 

16.32 

6 , 1 

9 

1935 

9 

3  4  55  . 

14.3 

18.44 

5 . 4 

12 

193  5 

t  0 

3  4  82  . 

14.4 

20.56 

4 . 9 

•“> 

1  9  3  9 

1 1 

3531  . 

14.6 

22.69 

4  .  4 

8 

1  9  3  4 

12 

3  6  4  3  • 

13.1 

24,81 

4 . 0 

1  0 

19  58 

1.3 

3764  , 

15.6 

26.93 

3.7 

10 

1933 

14 

3933 . 

16.3 

29.05 

3,4 

9 

1939 

1.5 

3  9  51. 

1  c*  ♦  4 

31.17 

3 . 2 

1 1 

1931 

1  6 

4.355. 

18.0 

33  *29 

3.0 

9 

1940 

17 

4373. 

18.1 

35.42 

2  ,  S 

1 1 

195  9 

IS 

4  856. 

20  .  i 

37,54 

2.7 

1 1 

1973 

19 

5354  . 

o  '-n  n 

A  A  t  <1- 

39,66 

2.5 

1 

19  62 

20 

5635  . 

23.3 

41.78 

2,4 

10 

196  7 

71 

5930  , 

2  4 . 6 

4  3.90 

2 . 3 

1  2 

1  9  6  3 

- 

6  4  8  0  . 

•>  A  #  9 

46 . 07 

10 

I  936 

- 

'■)  ~l 

6  7  2  8  . 

7  7  q 

4  8.14 

7  .  1 

1  1 

1932 

- 

( continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 


EFFECTIVE  YEARS 
46. 53 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FRED 

INT 

DATE 

GUMBEL  h 

L 

4116. 

11.4 

1.43 

67 . 7 

12 

19  38 

2,83 

9 

4116. 

11.4 

3.61 

27.7 

12 

1937 

2.13 

3 

5465. 

15.1 

5.73 

17,4 

3 

1940 

1 , 7  6 

4 

5746. 

15.9 

7.86 

12.7 

12 

1933 

1 . 50 

rr 

J 

5807  . 

16.0 

9,09 

10.0 

12 

1961 

1.31 

,4 

659  2- 

13.2 

12.12 

8 . 2 

12 

1935 

1  .  15 

~1 

6592  . 

18.2 

14.25 

7 . 0 

12 

1931 

1.01 

8 

6672. 

1 3 . 4 

16.3  8 

6.  1 

4 

1937 

a  n 
♦  O  7 

CJ 

7249. 

20 . 0 

18.51 

5.4 

0 

1  935 

— »  rs 

to 

3391  . 

23,2 

20.64 

4.8 

1  1 

1973 

,  69 

11 

8463. 

23 . 4 

22,77 

4 . 4 

12 

1963 

.61 

.12 

3572. 

23 , 7 

24 . 90 

4 . 0 

1  1 

1959 

.  53 

t  3 

9833. 

27  .  1 

27 . 02 

3 . 7 

9 

1940 

.  45 

.1.4 

1 1442, 

3 1  <  6 

29. 15 

3,4 

3 

1941. 

.  33 

1  5 

11892 . 

32.8 

31.23 

3 . 2 

11 

1932 

.31 

16 

11946. 

33 . 0 

33.41 

3 . 0 

1.0 

1953 

.  25 

17 

12577 . 

34.7 

35 . 54 

7 . 3 

9 

1934 

.18 

18 

14119. 

39 . 0 

37.67 

2  •  7 

1  0 

1936 

.  13 

19 

14965. 

41.3 

39.80 

2.5 

Q 

1939 

.  0  8 

20 

15708. 

4  3 . 4 

41 .93. 

2.4 

12 

1930 

•  Q3 

21 

19278. 

5  3 . 2 

44 . 06 

2.3 

8 

1957 

- .  03 

7  2 

20115. 

c"  cr  c 
■_/ 

46,19 

2 . 2 

3.2 

1967 

-.08 

23 

20 600. 

56.9 

48.31 

2 . 1 

i. 

1938 

-  .  13 

(continued ) 


V  F  A  R  S  (RECORD)  MONTHS  DURATION  IN  MONTHS 

4  7  0  v 


FECTIVE  ' 
46  .  33 

i- EARS 

--  -  -  ■  ■ 

-  - 

-  - 

NUMBER 

V OL  U M  E  _ 

RATE 

EXCEED 

RECUR 

E  N  D I N  G 

AC- FT 

CFS 

FREQ 

"iNT 

DATE 

GUMBELK 

1 

6746  . 

12.4 

1 .48 

67.3 

n 

1939 

2.83 

•> 

3255 ... 

15.2 

3.63 

27.6 

n 

1940  . 

2.12 

A 

9  6  9  8  . 

17.8 

5.77 

19.3 

l 

19  35 

1 . 75 

4 

1  1583  . 

21.3 

7,91 

12.6 

;7 

16  1? 

1 . 50 

11871 . 

21.8 

10.05 

10.0 

12 

1977 

1 . 30 

6 

12173. 

22.4 

12.19 

'  a.p 

1 

1962 

1.14 

7 

12897. 

23.7 

14.33 

7.0 

1 

1932 

1 .01 

8 

1 4063 . 

25 . 9 

16.4? 

6. 1 

3 

1  94  1 

.39 

9 

15131. 

27 .8 

18.61 

5 . 4 

1 

1  6  3  A 

.  78 

1  0 

19901 . 

36 . 6 

20.75 

4 . 8 

3 1 

1959 

.69 

t  l 

rj 

O 

o 

CO 
f  J 

37 . 0 

2  2  .  P.  9 

4  .  4 

1 

19  7  6 

.  60 

12 

21991  . 

40 . 1 

25Tb  3 

4.0 

3 

1  96  4 

.52 

1.  3 

24127 . 

44 , 4 

27.17 

7.7 

1 

1974 

.  45 

14 

2732  7. 

50.3 

29.31 

3.4 

1 1 

1  932 

.38 

15 

2 9 92 3 . 

55 . 1 

31  .  45 

-7  '*> 

1 

1959 

.31 

!  6 

34107. 

62.8 

33.59 

3.0 

3 

1931 

.25 

!  *• 

3 9 549, 

72.8 

35 . 73 

— .  Q 

s 

1957 

.19 

1 8 

42016. 

77.3 

'37.37 

"2T6 

3 

1968 

.  13 

1? 

42378. 

73.0 

40.01 

*  c  ; 

3 

1948 

.07 

20 

43646. 

80.3 

42.15 

2.*  A 

3 

194  6 

.02 

31 

47646 . 

80.3 

44.29 

*■>  »  3 

3 

1975 

-  .  03 

•*)  “i 

4  3838 , 

80  -  8 

4  6.43 

3 

1956 

- .  08 

•> 

44994  . 

O')  O 

48.57 

2  .  1 

3 

1949 

-.13 

2  4 

4  6  6  6  5  . 

8  5.9 

50.7) 

2 . 0 

3 

1961 

-  .  18 

r  f 

S  f 


II  •: 


( cont inueU  ) 


YEARS  < RECORD  )  MONTHS 
4 0 


DURATION  IN  MONTHS 
12 


FF  F:  f  r;  I  LUE.  YEARS 
4  6 . 03 


■JUMPER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

. 

AC-FT 

CFS 

FREQ 

INT 

D 

ATE 

GUMEEL 

1 

14151. 

19.5 

1 .49 

67.0 

1  1 

1977 

■3  f  gO 

-> 

1  4  5  7  3  . 

20. 1 

3.64 

2  7.4 

4 

1  9  4  0 

2.12 

3 

15781 . 

21.8 

5.80 

17.3 

3 

1979 

1  .  75 

4 

19326 . 

27.4 

7.95 

12.8 

n 

19  35 

1  .  49 

cr 

79184 . 

40.3 

10.10 

9 . 9 

7 

1962 

1  .  30 

299*o  t 

41,4 

12.25 

n  n 
0*4-1 

q 

1°32 

1.14 

35342. 

48 . 8 

14.40 

6 . 9 

12 

1  959 

1  .00 

.'1 

35764, 

49 . 4 

16.5  6 

6.0 

4 

1 9  3  6 

,  33 

g 

40292, 

55 . 6 

18.71 

5 . 3 

6 

1964 

.  73 

1  O' 

43552 . 

60 . 1 

20 . 86 

4 . 8 

7 

19  74 

.  63 

1 1. 

47794. 

60.4 

23.01 

4.3 

q 

193  4 

,  60 

1  2 

j  o  2  a  2  ♦ 

6  6.6 

25 . 16 

4.0 

q 

193  3 

.  52 

:  3 

51884. 

71.6 

27 , 32 

7  7 

♦  » 

4 

194  1 

.  44 

1  4 

^  7  92  t 

79.9 

29 .47 

3 . 4 

’7 

1957 

.  37 

i  5 

58948. 

81 . 4 

31 .62 

3.2 

1  2 

1  958 

.  30 

1  6 

70660 . 

97.5 

33.77 

3.0 

L 

1968 

.  24 

1  v 

-  2  3  5  0  , 

99.9 

35.92 

2 . 8 

c; 

1953 

.18 

1  9 

75490. 

104.2 

38.07 

2.6 

7 

19  4  6 

.  1? 

i  ° 

77965 . 

107.6 

40.23 

n  e; 

c- 

1954 

.  07 

r. 

73338. 

108,2 

42 . 38 

2. 4 

3 

1956 

.01 

.’i 

82674. 

114.1 

44 . 53 

2  •  2 

3 

19  4  7 

-  .  04 

O  “  ">  O  «r 
‘  •  -  •  7  J  ♦ 

114.3 

46 . 68 

2 , 1 

0 

0 

1944 

-.0? 

.?  3 

84727, 

116.9 

48 . 83 

2 . 0 

4 

1942 

-.14 

'■  4 

9  9  0  3  5  . 

136,7 

50 .90 

2 , 0 

1 9  3  1 

-.19 

**  ,  .* 
> 

> 

\  r 


C-  89 


'  V  V  '  .  * .  ‘ 


•’ •  ,r./*  •  •  *  \*  *  » *  •  * » * »  *  ■  «,* 


(continued ) 


YEARS  (RECORD)  MONTHS 
4  7  0 

EFFECTIVE  YEARS 
4  5-  08 


DURATION  IN  MONTHS 
24 


UMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

E  N  D  I  N  6 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL  1 

1 

35003  . 

24 . 2 

1.53 

65.5 

4 

19  4  0 

2.81 

48104* 

33.2 

3.72 

26,8 

4 

19  38 

2.10 

48889 . 

33 . 7 

5.92 

16.9 

C* 

1  9  3  r; 

1  .  73 

4 

78230* 

54.0 

8.12 

12.3 

'*> 

1  9  3  3 

1  .47 

»:;• 

86018. 

59.4 

10.32 

r,  —• 

3 

I96  0 

1 . 28 

6 

122121  . 

84.3 

12.52 

8.0 

3 

1965 

1 .12 

•*7 

130332. 

89.9 

14.72 

6 . 8 

4 

1962 

.98 

8 

136611  . 

94 . 3 

16.92 

5.9 

4 

194  2 

♦  86 

9 

150315  . 

103.7 

19.12 

5.2 

C 

19S4 

♦  7  6 

1.0 

153164. 

109.2 

21.32 

4 , 7 

3 

1  9  4  "• 

.  66 

1 1 

1.80442 . 

124.5 

n  t;  trtn 

4 , 3 

o 

1  9  5  7 

.  58 

12 

203263. 

140.3 

25.72 

3.9 

7 

1974 

.  50 

13 

242445 . 

167.3 

27.92 

3 . 6 

3 

1  ?  &  9 

.42 

1  4 

238992 . 

199.4 

30.12 

3.3 

7 

1«44 

.  35 

1 5 

304508  . 

210.2 

32.31 

3.  1 

cr 

1  971 

.  28 

1  6 

332944. 

229 . 8 

34.51 

2.9 

~7.t 

194  9 

•“>  -) 

17 

369  651  . 

255. 1 

36.71 

2 . 7 

c; 

1952 

.  16 

18 

439140, 

303.1 

38.91 

2.6 

7 

1  9  76 

.10 

19  . 

461599. 

318.6 

41.11 

2.4 

7 

19.67 

.  05 

INDEPENDENT  EVENTS  EXHAUSTED 


E 


(continued) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  _  _  48 _ 

EFFECTIVE  YEARS 
43,08 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREG 

I  NT 

DA 

til- 

GUM DEL 

1 

78700. 

27.2 

1  .  60 

62.7 

8 

19  4  0 

"7  "7 
*2  *  ' 

p 

140324  . 

48.6 

3 . 90 

25.7 

3 

1935 

2 . 0  6 

3 

237843. 

82.1 

6.20 

16.1 

•7 

1962 

1  .  6' 

4 

353638 . 

132.0 

3.50 

11.8 

4 

1956 

1.44 

j 

356  053  . 

122.? 

10 . 80 

9  ,  3 

3 

19  48 

1.24 

6 

5  4  0  2  5 1  . 

136 . 4 

13.10 

7  •  6 

-> 

1  974 

1 . 08 

*7 

572189 . 

19  7.4 

15 .40 

6 . 5 

1  2 

1966 

.94 

8 

90388? . 

313.6 

17.70 

5.7 

4 

1952 

.  83 

INDEPENDENT  EVENTS  EXHAUSTED 


YEARS  'RECORD'-  MONTHS  DURATION  IN  MONTHS 

4  7  0  8  A 

EFFECTIVE  YEARS 
39 , 08 


NIJ  MRS  R 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

GUMBEL 

1. 

196702 . 

3  3 . 9 

1 .76 

56 . 9 

3  1941 

2.6? 

6431 6 1 . 

111,0 

4  »*>  Q 

*v  ♦  7 

23.3 

2  1962 

1  .  99 

1  0  0  9  9  2  7  . 

174.3 

n  o 

14.7 

3  1.  9  4  9 

1.62 

4 

127363 6 , 

2 1  9 . 8 

9.3  6 

10.7 

12  3970 

1.36 

T  N  D  E  R  E  N  D  E  N  T  E  V  E  N  T  S  E  V  H  A  U  S  T  F  D 


K 


Sheyenne 

River 

at  West  Fargo 

-  Year 

1980  Case 

YEAR  1980 

SHEYENNE 

RIVER 

AT  WEST  FARGO/ RIVERS 

IDE 

YEARS  (RECORD)  MONTHS 

DURATION  IN 

MONTHS 

4? 

r» 

n 

EFFECTIVE  YEAR? 

46 . 

9  2 

NUMBER 

V  0  L  U  n  E 

RATE 

EXCEED 

RECUR 

ENDING 

AC  -F  r 

CFS 

FREQ 

I  NT 

DATE 

GUM PEL 

1 

8 1  6  • 

6 . 8 

1  .  47 

68 . 2 

1  1 

19  35 

2  ,  H  A 

8  1  7  • 

6 . 3 

3 . 58 

27,9 

1 

1935 

2  .  1  3 

3 

876. 

7.3 

5 . 69 

17.6 

1 1 

1932 

1  .  7  6 

4 

922, 

7 , 6 

7.81 

12.8 

9 

1976 

1.53 

»:*■ 

9  70  . 

3 . 0 

9 , 92 

10.1 

10 

1936 

1.31 

/ 

C*  7  "? 

3  .  1 

12.04 

8.3 

7 

1  934 

1.15 

7 

1  0  3  0  . 

8 . 5 

14,15 

7. 1 

10 

19  3  4 

1.02 

r'% 

C> 

1  0  4  3  • 

3 . 6 

16.26 

6 . 1 

9 

19  39 

.  90 

9 

104  3  . 

8 . 6 

18.38 

5.4 

9 

1940 

.  79 

1 0 

1  0  4  7  . 

Q  £ 

20.4  9 

4.9 

9 

1933 

.  70 

:!  1 

1058  . 

8 . 8 

22.61 

4 . 4 

3 

1941 

.61 

17 

112  2. 

9 . 3 

24 . 72 

4 . 0 

8 

1961 

.  5  3 

1  3 

1  1  22  . 

v  ,  3 

26.83 

3.  7 

8 

1931 

.46 

.14 

1  1  6  3  . 

9 , 6 

23 . 95 

3.5 

?_ 

1.932 

■:  q 

t  — ‘ 

1.5 

1  2  3  9  , 

10 . 3 

31.06 

3.2 

2 

1940 

,32 

l  6 

1240. 

10.3 

33.18 

3.0 

1 

1937 

.26 

IV 

1243  . 

10.3 

35.29 

2.8 

8 

1936 

,20 

to 

1243. 

1  0 .  .3 

37,40 

2.7 

s 

1  937 

.  14 

l? 

1  5  a  0  . 

12.8 

39.52 

1 1 

1931 

.  0  c 

20 

1  5  4  5  • 

1  2 . 3 

41  .63 

2.4 

O 

1938 

,  0  3 

21 

1  5  4  5. 

12.8 

43.75 

2. 3 

8 

19  30 

-  .  02 

■)  ■"> 

1  6  3  4  . 

1 3 .  :■ 

45 . 36 

n  n 

L-  +  L.. 

1 0 

1937 

-  .  0  7 

1  6  4  6  . 

1  3 . 6 

47.97 

2. 1 

9 

1  952 

-  .  12 

. 4  4 

1  ■  :  3  • 

14.3 

5  0 . 0  9 

2 . 0 

1 

193  4 

-  .  17 

( cont  l  rmed  ) 


YEARS  'RECORD'  MONTHS 

DURATION  IN 

MONTHS 

47 

0 

3 

EFFECTIVE 

YEARS 

4  6.8 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

1 

1438. 

7.9 

1.47- 

68.1 

1 1 

1932 

!•: 

1511. 

8 . 3 

3.59 

27.9 

10 

1936 

3 

1 5 1 8  . 

8 . 4 

5.70 

17.5 

3 

1934 

j. 

1588, 

O  p 

7.32 

12.3 

1935 

*:r 
•  J 

1619. 

8 . 9 

9.9  4 

10.1 

1 1 

19  35 

6 

1684  . 

9.3 

12.06 

3.3 

9 

1939 

7 

1684  . 

9.3 

14.18 

7.1 

9 

1940 

8 

1634. 

9.3 

16.29 

6.1 

9 

1931 

9 

180  5  . 

10.0 

18.41 

5 . 4 

? 

1961 

1  o 

1889. 

10.4 

20.53 

4 . 9 

3 

1  9  4  0 

1. 1 

189  0  . 

10.4 

22.65 

4 , 4 

1937 

1  2 

1926. 

1  0 . 6 

24.76 

4.0 

9 

19  76 

1.3 

1933  . 

10.7 

26.88 

3.7 

10 

1933 

1.4 

2047. 

11.3 

29 . 00 

3.4 

? 

1937 

1.5 

2163. 

11.9 

31.12 

3 . 2 

1  1 

1934 

18 

2191  . 

12.1 

33.23 

3.0 

3 

1941 

XT 

•*?  C  C;  ^ 

12.6 

35.35 

2.8 

9 

1938 

1  8 

2590  . 

14.3 

37.47 

2 . 7 

9 

19  3  0 

1.  ? 

2613  . 

14.4 

79 , 59 

2 . 5 

12 

1937 

"■  A 

2 9  5  . 

1  5 . 4 

41.7 1 

2.  4 

n 

1  939 

••  .1 

2  9  l  6  , 

16.1 

43.82 

2 . 3 

i 

1934 

n  *. 

3  3  ?  8  . 

1  3  ,  9 

45 . 94 

12 

193° 

34  58. 

1  9 . 1 

48 . 06 

.2  ...1.  _ 

1.2 

1940 

2  4 

3579  . 

19.8 

50. 19 

2.0 

12 

1931 

GUMPF 


L  1 


C*  •• 

1  ^ 


c-  J 

i 

15 
01 
Q  0 


6  1 
L-.  *7 


4  6 


26 

20 


0  7 

i:: 

IT 


(  r: o n 1 1  nued  ) 

YEARS  ( RECORD  >  MONTHS 

DURATION 

IN  MONTHS 

4  7  6 

4 

EFFECTIVE  YEAR'S 

46 . 75 

NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-F'T 

CFS 

FREQ 

I  NT 

D 

ATE 

GUM BEL 

1  2019. 

8 . 4* 

1  .  47 

6  7  . 

0 

1334 

n  c 

2  2039. 

8 . 4 

3 . 59 

2  7.3 

1  1 

19  3  2 

2 . 1 

3  2213. 

9 . 2 

5 .71 

17.5 

10 

1936 

1 . 7 

4  2  4  7  S  . 

1 0 . 3 

7 . 8 1 

12.3 

1 

1  9  3  5 

1 .5 

5  2696. 

11.2 

9 . 9.4 

10.0 

10 

1940 

1 . 2 

6  2704. 

11.2 

12.03 

0  #  7 

1  1 

1931 

1 . 1 

7  2756. 

11.4 

14.20 

7 . 0 

10 

1939 

1 .  c 

8  2841. 

11.8 

1*  .  3? 

6  .  1 

T 

194  0 

•" 

9  2877. 

11.9 

18.44 

5 . 4 

10 

1937 

^  7 

10  3115. 

12.9 

20.56 

4 . 9 

12 

19  35 

-j 

11  3126. 

12.9- 

22 . 69 

4 . 4 

1  1 

19  3  3 

.  ,£ 

12  3264. 

3  3.5 

2  4  .  S  1 

4 . 0 

3 

1  9  3  7 

♦  j 

1 3  329  9 . 

13.7- 

26.93 

-•  ♦  • 

1  0 

19  33 

,  4 

14  3324. 

13.3- 

29 . 05 

3  .  4 

T 

1  9  4  1 

♦  7 

15  4012. 

16.6- 

31.17 

3.2 

O 

1961 

.  3 

16  4049. 

16.8  * 

33.29 

3.0 

•"> 

1939 

»  tL. 

1 7  4265. 

17.7- 

35.4  2 

2 . 8 

10 

1930 

'"i 

18  4817. 

19.9 

3  7.S4 

O  “7 

4.  ♦  / 

1 1 

195  7 

.  1 

19  5859. 

24 . 3- 

39.66 

2  # 

1 

19*2 

.  0 

20  6254. 

2  5  ♦  ^  * 

4  1 . 73 

2  ♦  h 

12 

1  9  6  3 

.  0 

21  6741. 

27.9. 

4  3.90 

2  *  1 

10 

1958 

- .  c 

22  8491. 

35.2' 

4  6.02 

1  0 

1967 

-  ,0 

’3  9820. 

40.7 

4  8.14 

2 . 1 

1  0 

I960 

- .  1 

34  10170. 

A  2  ♦  1 

50. 27 

2 . 0 

1  9  76 

- .  1 

( continued ) 


i 

I  i 

YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 

6 


EFFECTIVE 

YEARS 

4  6.5 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREO 

INT 

DATE 

GUMBEL  1 

1 

3311  . 

9 . 1 

1  .48 

67 . 7 

10 

1934 

2 .83 

1? 

4660  . 

12.9 

3 . 6  1 

27.7 

12 

1937 

2.13 

3 

4663  , 

12.9 

5.73 

17.4 

1 

1937 

1  .  7  6 

4 

4  3  4  9. 

1  3 . 4 

7.86 

12.7 

1 

1934 

1  .  50 

rr 

w) 

4970  . 

1 3  .  7 

9.99 

10.0 

1 

1940 

1.31 

6 

5143. 

14.2 

12~.T2 

8.2 

12 

1940 

1 .15 

7 

5263. 

14.5 

14.25 

7.0 

12 

1931 

1.01 

8 

5444. 

15.0- 

16.38 

6.1 

12 

1938 

♦  89 

9 

6  65  2  . 

18.4 

18.51 

5 . 4 

12 

1961 

♦  7  ? 

10 

8  631  . 

23 . 8- 

20 . 64 

4 . 3 

1. 1 

1932 

.69 

1 1 

39  46. 

2  4 . 7 

-■  7  “I 

4 . 4 

12 

1935 

.  6  1 

12 

9127. 

25 . 2 

2  4.90 

4 .0 

12 

1963 

.53 

16 

10637. 

29.4- 

27 . 02 

3.7 

12 

1959 

.45 

14 

12894. 

"*  . 

%  .•  J  * 

29.15 

3.4 

4 

1935 

.  38 

15 

159>;9  , 

4  4 . 0 ; 

31.28 

3.2 

10 

1958 

.31 

16 

17023. 

i  7 . 0  ■ 

33.41 

3 . 0 

1 1 

1930 

,25 

17 

20593. 

56.8' 

35.54_ 

22.8 

7 

1939 

.  1.  9 

18 

23442. 

6  4  .  - 

7  7.6  7 

->  -7 

8 

1957 

•  13 

1? 

23737  . 

i  cr  c;  , 

7  9 . 8  0 

O  er 

12 

1967 

.  0  3 

20 

23740 . 

6  5  •  5- 

4  1  .93 

2.4 

6 

1933 

.  03 

71 

24462 . 

A  •'  ,  5- 

4  4.0  6 

r-  1 

♦  w1 

1  2 

1960 

-  .  0  3 

2  7 

26825 . 

7  4  .  1- 

4  6  •  3  9 

0 

1 

1974 

-  .  0  8 

••)  3 

27294. 

••5.5 

4  8  ,.3  3. 

2. 1 

7 

1936 

1  3 

24 

'27541 . 

76.0 

50.44 

2 . 0 

"12 

1974 

-  .  17 

( continue.!  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

4  7  0  9 

EFFECTIVE  YEARS 
46 . 33 


4 UMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC- FT 

CF3 

FRED 

INT 

DATE 

GUMP  FI.  k 

1 

5261  . 

9 . 7 

1  .  48 

6  7  .  *3 

1  1935 

’~i  p  ~1 

6971  . 

12.8' 

3.63 

27.6 

3  1  9  4  Q 

2  .  1  2 

"2 

7334  . 

13.5' 

5 . 77 

17.3 

3  1941 

1  .  "'5 

4 

7394  . 

13.6- 

7.91 

12.6 

3  1937 

1  ,  50 

5 

9253. 

17.0' 

10.05 

10.0 

2  1  939 

1 . 3  0 

•■5 

11780 . 

21.7- 

12.19 

3 . 2 

12  1937 

1.14 

14015. 

O  CJ  p  , 

14.33 

7 . 0 

1  1962 

1.01 

.•j 

14981 . 

27.6 

16.4  7 

6. 1 

1  1932 

.  S'? 

9 

15665 . 

28 . 8* 

18.61 

5 . 4 

3  1934 

.  7  8 

1  0 

2301  1  . 

4-2 . 3 

20.75 

4.8 

1  19  36 

.  69 

1  1 

23574 . 

43.4- 

r,  r\ 

.  D  T 

4 . 4 

3  1964 

.  60 

i ;? 

25122. 

46 . 2  ' 

25 . 03 

4 , 0 

11  1959 

.52 

I  3 

26512. 

48.8- 

27.17 

7 . 7 

1  1933 

.  4  5 

1  4 

34300. 

6  3  .  !.• 

29.31 

3  .  1 

1  1959 

.  38 

!.  5 

38909 . 

7 1 . 6 

31.45 

3 . 2 

3  1931 

.31 

16 

43444 , 

30,0 

33 . 59 

3.0 

3  1957 

cr 

♦  J 

17 

45187. 

83.2 

35.73 

2.8 

3  1946 

.19 

1  S 

46093 . 

84 . 8 

37.87 

2 . 6 

3  1  975 

.  .1  3 

1.9 

46334 , 

85 . 3 

40.01 

7 . 5 

3  1956 

.  0  7 

30 

46395. 

35 , 4 

42.15 

2. 1 

3  1968 

.02 

9 1. 

46455. 

85.5 

44.29 

7.3 

3  1?74 

-.03 

48025 . 

88. 4 

46 . 4  3 

n  -• 

♦  ti. 

3  19  4  8 

- .  on 

7  3 

48085 . 

83.5 

48 . 57 

2*1 

3  1961 

-  .  13 

>  4 

510  4  4. 

9  3 . 9 

50.71 

2  ♦  0 

3  19  4  7 

-.18 

ci  k«  cc  k i 


( continued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

17  0  17 


EFFECTIVE  YEARS 
46 . 08 


NUMBER 

VOLUME 

rate 

EXCEED 

recur 

ENDING 

AC-FT 

CFS 

FREQ 

INI 

DATE 

GUM 8 EL 

1 

14031  . 

19.4 

1  .  49 

67 . 0 

11  1940 

2 . 8 

9 

14152. 

19.5- 

3.64 

2  7.4 

31  1937 

2.  1 

3 

15299. 

21.1 

-*  4  c*  '  .  ’ 

1  7 . 3 

3  19  35 

1  .  7 

4 

21035. 

29 . 0 

7 .  q  s 

1  2 . 6 

2  19  79 

1  .  4 

cr 

27434 . 

37.9- 

10.1  0 

9 . 9 

3  19  6  2 

1  .  3 

6 

35766 . 

4  9.4- 

12.25 

3 . 9 

2  19  32 

1  .  1 

*7 

/ 

37396. 

51.6 

14.40 

6.9 

9  1936 

1 . 0 

8 

38784. 

33.5' 

16.36 

6 . 0 

3  1934 

.8 

9 

40958 . 

56 . 5‘ 

1  8.71 

=;  t  7 

12  1959 

.  7 

1  0 

44218 . 

6 1 . 0 

20.86 

4 . 8 

6  196  4 

•  6 

1. 1 

60820. 

8  4 . 0  • 

23.01 

4 . 3 

2  1933 

4  z 

12 

61666 . 

85. 1 

25 . 1  6 

4 , 0 

7  1957 

cr 

4 

13 

64684. 

89 . 3 

27 . 32 

3 . 7 

12  1958 

.  4 

14 

75672. 

104.5' 

2*9.47 

_3..i_ . 

6  1968 

.  3 

i 

820 i 1 . 

113.2 

31.6  2 

3 . 2 

3  1946 

.  3 

16 

32494 . 

113.9 

33.7  7 

3 . 0 

3  195  6 

.  2 

1  7 

83098. 

114.7 

3  5.92 

>_  ♦  O 

5  1 95  3 

i 

t  8  ' 

83581 . 

115.4 

3  8  .  o 

2  •  6 

"6  1954 

.  1 

!.  9 

91731 . 

1.26 . 6 

4  0 . 2  3 

2 . 5 

4  1  9  4  2 

.  C 

?  0 

99036 . 

136 . 7 

4  2 . 33 

2  •  4 

3  19  4" 

.  r 

1 

100485. 

138 . 7 

4  4.53 

•->  '*} 

7  1944 

?  2 

1  12500. 

135.3 

4  6 . 68 

2  •  1 

3  19  ~  4 

—  f  r 

) l 7994 . 

162  .  * 

4  y  4  y  3 

J  4  0  _ 

12  1960 

-  ,  i 

9  4 

113054  . 

163.0 

50 ,  ?q 

2  4  0 

2  1  931 

-- .  i 

(cent  1 nued  ) 


TEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


4  7 

0 

) 

EFFECT  IUE: 

Y  fc.  A  R  S 

45  .  OR 

number 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  M  T 

n 

A  T 1- 

G  U  M  8  E 

1 

36454. 

25 . 2 

1  .53 

6  j  . 

7 

l  9  1 1 

2  . 

1:’ 

4  2  7  9  4  . 

o  n  ir 

2  7  ♦  •  J 

7  7  •“> 

76 . 8 

*7 

1  9  •  fl 

“) 

;j 

45752 . 

31.6 

5.32 

16.9 

rr 

1  9  3  5 

1  . 

4 

965S6 . 

66  *  7 

S.  12 

12.3 

•~) 

1  93  3 

1  . 

cr 

96646 . 

66  •  7 

10.32 

”• 

7  ♦  / 

7 

1  9  6  0 

1  . 

6 

129137 . 

O  i?  ■“/ 

12.52 

3 . 0 

'7 

1  9*5 

1  . 

1  3  2  0  2  5  . 

91.1 

14.72 

f  f i 

■_<  «  c 

4 

1  9  6  2 

* 

O 

177124, 

172.2 

16 . 92 

«r  r-. 
wi  «  7 

ir 

1  9  5  4 

9 

181048. 

125 . 0 

19,12 

c*  “> 

“7 

■j 

1 947 

« 

10 

136361 , 

123.6 

21.32 

4 . 7 

3 

1957 

♦ 

1. 1 

7  2  6  6  9  0  . 

156.5 

<•>  -j  *r 

,3  *  wl  ^ 

4 . 3 

1  9  4  3 

12 

237238 , 

i  7  7 

CT  *7 

3  ♦  v 

7 

1  9  6  9 

I.  3 

319725. 

2  2  0  ♦  7 

2  7.92 

7  ♦  6. 

V 

197  1 

1  4 

3304  1  1  , 

228.0 

30. 2  2 

3 . 3 

7 

1  9  75 

1.  5 

355224 . 

245.2 

32.31 

3.  1 

3 

1945 

1  A 

370076. 

255.4 

3  4.51 

2 . 9 

4 

1949 

1.  7 

376656 . 

260 . 0 

36 .71 

o  “7 

Cj 

1952 

10 

470476 . 

3  2  4.7 

33  .  ®1 

1  9.6  7 

CM DEPENDENT  EVENTS  E 

*:  HA  LISTED 

(continued ) 


YEARS  'RECORD)  MONTHS  DURATION  IN  MONTHS 

4  7  0  4  8 

EFFECT  [  VE  TEARS 
4  3 , 0  8 


NUMDEF 

VOLUME 

RATE 

EXCEED 

R  E  C  U  P 

ENDING 

A  C  •*  F  r 

CFS 

FREO 

INT 

DATE 

GUM  PEL 

1 

p  v  •>  o 

28 . 7 

1 .60 

62.7 

11  1940 

">  7’  "7 

I  5  '  3  3  0  ■ 

34 . 3 

3 . 90 

25.7 

q  1*7  A. 

2 . 0 

•*' 

2  4  VA  7  0  . 

35 . 5 

6 . 20 

1 6 . 1 

T  1  Q  A  2 

i  i.  Q 

k  ♦  . 

A 

*T 

3 7 os? s . 

129,? 

8.50 

11.3 

8  1957 

1.44 

i:r 

i 

42*315. 

147.3 

10.8  0 

8 . 3 

3  19  48 

1.24 

02 

s  '4'  2  6  0  0  , 

204. 3 

13.10 

7.6 

12  1966 

1 . 08 

■; 

6  7  l  2  6  6  . 

231 . 6 

15.40 

6 . 5 

5  1971 

.94 

P 

734 t 63 . 

270 . 6 

17.70 

IT-  -J 

J  ♦  / 

5  1953 

q  t 
♦  O 

Q 

F  0  0  5  8  5  . 

276 . 3 

20 . 00 

5 . 0 

5  1975 

"7  <"> 

:c  N  D  E  p  E  N  [I  F  |  I  F  E  V  E  N  T  S  E  X  H  A  U  S  T  E  D 

YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

4  7  0  9  6 

EFFECTIVE  YEARS 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-F  T 

CFS 

FREO 

INT 

DATE 

G  U  M  B  E  L  K 

1 

2  0  2  s  A  9  . 

35 . 0 

1 . 76 

56.9 

3  1941 

q  l  q 

A  A  7  A  7  7  . 

114.5 

4 . 29 

23.3 

3  19  6  2 

1.99 

\ 

1  1  4  9519 . 

1  •  .3  „ 

6-82 

14.7. 

3  19  4  9 

1  .  6  2 

4  1291335. 

INDEPENDENT  EVENTS 

9  ->  1  _  p 

EXHAUSTED 

9  ,  ’7  A 

1  0 . 7 

12  1970 

1.36 

Sheyenne  River  at  Relle's  Acres  -  Year  1 9 8 0  Case 


YEAR  1930  SHEYENNE  RIVER  AT  REILE'S  ACRES/HARWOOD/ ARGUS'.'  I  LEE 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


EFFECTIVE  YEARS 
46 . 9  2 


NUMBER 


VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

'  L" 

5 . 4 

1.47 

68 . 2 

11  1935 

•7  g  -* 

6  *  6 

3.53 

2  ?  *  9 

3  1  9  6  l 

7  9  3  . 

6  ♦  6 

5.69 

17.6 

3  1931 

326. 

6 . 3 

7.31 

12.3 

1  1935 

neri 

v  O  • 

7.9- 

9 . 92 

10.1 

11  1932 

9  7  4  . 

8  ♦  1’ 

12.0  4 

3.3 

3  19  39 

r\  n  -• 

7  7/, 

3 . 3' 

14.15 

?  .  1 

9  19  76 

99  7  ♦ 

3.3 

16 . 26 

6. 1 

2  1  940 

9  9  7, 

8 . 3 

13.38 

5 . 4 

9  1940 

'?  9  7  . 

3 . 3 

20.49 

4.9 

9  393  3 

1.  0  1  2  . 

S  .  4- 

22.61 

4 . 4 

10  1936 

1053. 

3.8 

24 . 72 

4 . 0 

2  1  9  3  7 

1053. 

8 . 8 

26.  S3 

3 . 7 

9  19  3  4 

1215. 

10.1 

23.95 

3.3 

8  19  3  6 

1  239. 

10.3 

31 .06 

3.2 

9  1932 

133  A  f 

11.1- 

33.13 

3.0 

3  19  38 

1336  . 

11.1 

35.29 

2.8 

8  1937 

1  490  . 

12.3 

3  7 , 4  0 

O  •? 

1  19  34 

1495  • 

12.4 

39*5  2 

7.  C- 

10  1939 

1  541  . 

1  2  ■  3 

41  .63 

■-}  £ 

2  19  4  1 

1601  , 

13.3 

4  3 . 75 

2 . 3 

9  1952 

1  6  7  7  , 

13.9 

45.36 

10  1938 

17  2  2. 

14.3 

47 . 97 

2 . 1 

2  193  9 

•j  '7  “*• 

14.4 

5  0 . 0  9 

2  t  0 

10  193  7 

r,  1 1  *  u  t 


C-100 


(continued  ) 


YEARS  < RECORD )  MONTHS  DURATION  IN  MONTHS 

47  0  ‘3 

EFFECTIVE  YEARS 
A  6  .  8  3 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

E  N  D  I  N  r. 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

GUM PEL  h 

1 

14  45  . 

8 . 1 

1  .47 

68 . 1 

10 

1936 

y  O  T 

1  4  6  ?  . 

8. 1 

3.5? 

y  -7 

1935 

2.13 

:> 

150  3  . 

c*  y  f, 

17.5 

1  1 

1935 

1.76 

*( 

1  5 .1  S  • 

3.4 

n 

/  ♦  O  .• 

12.8 

Q 

1  '39 

1.51 

rr 

15"'?  . 

8.7 

9*94 

10.1 

t~, 

T 

1931 

1.31 

6 

1579. 

3.7- 

12.06 

3.3 

9 

19  4  0 

1.15 

"7 

1586  . 

8.8- 

14.18 

7 . 1 

10 

1932 

1.01 

O 

O 

1586. 

3 . 8 

16.2? 

6. 1 

10 

1934 

.  90 

Q 

1590. 

8 . 8 

18.41 

5 . 4 

y 

1937 

~ 1  O 

♦  f  7 

1.  0 

1595 . 

f, 

O  ♦  O 

20.53 

4 . 9 

■7 

1  9  4  0 

.  70 

1 1 

1  7  6  0  . 

f~,  “» 

7^#/ 

y  y  l  c- 

4 . 4 

r. 

1  9  6  1 

.  61 

12 

176  7  . 

9^3 

24.76 

4 . 0 

10 

1933 

.  53 

!.  3 

2122. 

11.7 

26 . 88 

7  7 

9 

1938 

.  46 

14 

2243. 

12.4 

29 . 00 

3.4 

? 

1937 

.  39 

15 

2556. 

14.1 

31,1  2 

7 . 7 

193? 

.32/ 

1.4 

2556 . 

14.1 

33.23 

3.0 

'“i 

3  94  1 

.  26 

17 

2605 . 

14.4 

7,  er  7  c; 

2  •  9 

rt 

T 

19  76 

.  20 

IS 

264  4'. 

.1  4 . 6 

37.47 

•“> 

1 

1  9  3  4 

.  1  4 

1 9 

293?, 

1 6 . 2 

<;■  t  e; 

y  4  er 

1  2 

1°37 

.  08 

20 

296  7 . 

16.4 

4 1  .  ?  1 

2  .  4 

19  30 

.03 

21 

3120. 

17.2 

43 . 82 

2 . 3 

12 

1979 

-  .  0  2 

2  2 

3439 . 

20. 1 

4  5.9' 

•“>  •-> 

1  0 

1  6  5  V 

-.07 

-:> 

3671  . 

20 . 3 

4  8 . 06 

2  .  1 

1 

1  96  2 

-  .  12 

2  4 

3845. 

21 .2 

50. 18 

2.0 

12 

19  31 

-.17 

C-101 


( continued  ) 


YEARS  (RECORD)  MONTHS 
4  7  0 


DURATION  TN  MONTHS 

a 


E'FFf  C Tl'v'E  YEARS 
46 . 75 


UMBER 

VOLUME 

rate 

EXCEED 

RFC  UR 

ENDING 

AC-FT 

CFS 

FRE0 

I  NT 

DATE 

1 

2197  . 

8. 1 

1  .47 

^  *7  Q 

1  1 

1932 

2228  . 

rs 

7  *  tL 

3 . 5  v 

■>  7  0 

1  0 

1  936 

3 

2429. 

10.1 

5.71 

1 7 . 5 

7 

1  940 

4 

2469. 

10 . 2 

7.84 

12.3 

10 

1939 

1  - 

t 

2469. 

10.2 

..9.96 

1 0 . 0 

10 

1940 

6 

2750. 

11.4 

1  2 . 09 

3 . 3 

1 

1935 

277  1  . 

11.5 

14 . 20 

" ,  0 

10 

1931 

8 

2921  . 

12.1 

16.32 

6*1 

1 1 

1933 

9 

2940 V  " 

12.2 

18.44 

5 , 4 

12 

1935 

10 

2972. 

12.3 

20 . 56 

4  >  9 

3 

1937 

1 1 

3013. 

12.5 

22.68 

4 . 4 

10 

19  38 

12 

3073. 

12.7 

2  4.81 

4 . 0 

To 

19  37 

I  3 

3891  , 

16.1 

2  6 . 9  3 

7 . 7 

0, 

1941 

1  4 

4012. 

1  6 . 6 

28.05 

3 . 4 

2 

1939 

15 

404  4  f 

16.7 

31.17 

3 . 2  ' 

"9 

1961 

16 

4703. 

19.5 

33.28 

3.0 

10 

1930 

1  7 

4793. 

19.8 

35.42 

2 .8 

i_i 

1959 

1.8 

5  19 1  . 

21 . 5 

37.54. 

9 

1934 

i  '/ 

6925. 

28.7 

3  8 . 6  6 

n  «r 

1 2 

1963 

20 

7_15  7 . 

29.6 

41.  .  78 

2. 4 

1 

1  96  2 

•'  1 

8808  . 

36 . 5 

4  3.90 

2 . 3 

1 0 

1967  ” 

7  2 

9473  . 

39.2 

4  6 . 02 

^  .  2 

10 

1958 

8533  . 

39 . 5 

48.14 

2 . 1 

10 

1  960 

■  » 

1 0  6  4  0. 

4  4.  1 

50 . 2- 

2 . 0 

7 

1  9  3  4 

GUMBEL  K 


i—  i-*  o  o  !o  o  i-*  r.j  to  w  ui  4»  cn  i>  si  moooh*  w  cn  si  >-  co 
-•i  to  si  r  j  ,oj  03  -t.  o  cn  ro  co  cn  wiko-O'O^  cn  h*  o  o-  r.4  w 


(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 

EFFECTIVE  YEARS 
46  .  SB 


NUMBER 

VOLUME  . 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

GUMSEL  t 

1 

3808 . 

10.5 

1  .  43 

67,7 

1 

193  5 

2.33 

4411. 

12.2 

3.61 

27.7 

1 

1934 

2.13 

4  532. 

12.5 

5.73 

17.4 

1 

1940 

1  .  7  6 

•i 

4653  . 

1  7  .  A 

7.36 

12.7 

1 

1 9  3  7 

1  .  5  O 

c  r 

j 

4  8  2  0  . 

13.3 

9.99 

1 0 . 0 

12 

1  9  4  0 

1.31 

5192. 

14.3 

12.12 

8.2 

12 

1937 

1.15 

”7 

5303  . 

14.6 

14.25 

7 . 0 

12 

1938 

1 . 0  1 

p 

5423. 

15.0 

16.33 

6 . 1 

12 

1931 

.  3  9 

8  019. 

72  .  1 

13.51 

5 . 4 

12 

1961 

.  7<? 

.to 

3  7  4  4  . 

24 . 1 

20 . 6  4 

4 . 8 

12 

1935 

«T”. 

i.  j. 

8745 . 

24  .  1 

22 . 77 

4 . 4 

11 

1932 

.  6  1 

12 

1  0  6  7  6  . 

O  Q  C*J 

24,90 

4 . 0 

12 

1963 

.  53 

1. 3 

1  18  4  2. 

32. 1 

27.02 

3.7 

1  2 

1959 

.  45 

14 

17301  . 

19.1 

29.15 

3.4 

1 1 

1930 

.  38 

1.5 

20626 . 

56 . 9 

31 .23 

3.2 

1  0 

1953 

.  3 1 

i 

23456. 

64 . 9 

33,41 

3.0 

'7 

1934 

IT 

t 

!  7 

24  018. 

66 . 3 

35.54 

2 . 8 

12 

1960 

1  1? 

IS 

24  32  0  . 

67  .  1 

37.67 

2.7 

12 

1967 

.  11 

1.9 

27  657. 

76 . 4 

39 . 30 

2.5 

3 

1974 

♦  0  8 

20 

27942. 

77.  l 

4  5.93 

2.4 

12 

194  5 

♦  0  3 

2 1 

28300 . 

78 . 1 

44 . 06 

7 . 3 

6 

1938 

-  .  0  3 

n  c*  o  7 

3  1  .  *7 

46.1  9 

2 . 2 

j 

1  953 

-•08 

7 

299  76  . 

.-v  '*> 

O  ♦  C* 

43,31 

2 . 1 

y 

1939 

*•  t  1  *• 

;.?  4 

3  0  5-99. 

84.5 

50.4  4 

2.0 

12 

1974 

-  ♦  i  ? 

C-103 


( continued ) 


YEARS  (RECORD)  MONTHS 
4  7  0 


DURATION  IN  MONTHS 

9 


EFFECTIVE  YEARS 
4  6.33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -F  T 

CFS 

FREQ 

I  NT 

DATE 

1 

6  2  3  4. 

11.5 

1  .  48 

6  7 . 3 

3 

19  40 

7320 . 

13.5 

3.63 

27.6 

3 

1937 

"7 

S  2  2  6  . 

15.1 

5 . 77 

17.3 

3 

1?41 

4 

3534. 

15.3 

7.91 

12.6 

1935 

CT 

10033 . 

18.5 

10.05 

10.0 

»-* 

19  39 

6 

14983 . 

2  7.  m 

12.19 

p  #  n 

3 

1*34 

"7 

15735 . 

2?  .  0 

14.33 

7 . 0 

1 

19  38 

8 

16333 . 

30.2 

16 .47 

6  .  1 

1 

1962 

9 

16449 . 

30 . 3 

18.61 

5 . 4 

1 

1932 

10 

24237. 

44.6 

20.75 

4.8 

1 

1936 

1  1 

25130. 

46.2 

22.89 

4 . 4 

3 

1964 

1  2 

2030c ^ 

j  '5 ,  2 

2  5  •  0  3 

4 . 0 

i 

1*33 

1  3 

33401 . 

61  .  5 

27.17 

3. 7 

3 

I960 

14 

37743. 

69.5 

29.31 

3.4 

3 

1959 

15 

40702. 

74.9 

31.45 

3.2 

9 

1931 

1.6 

47770. 

37.9 

33.5? 

3.0 

3 

1974 

!  7 

48917  . 

90.0 

35.73 

2.8 

3 

1975 

13 

49093 . 

90 . 4 

37.87 

2.6 

3 

1961 

l? 

49461 . 

91 .0 

40.01 

2.5 

T 

1968 

20 

49333. 

91.3 

4  2.15 

2.4 

3 

1943 

71 

50004 . 

92.0 

44.2? 

2.3 

3 

1956 

?  2 

50245. 

92.5 

46.43 

9 , 9 

1 

■J 

1957 

2  3 

51936. 

95 , 6 

48 . 57 

2 . 1 

3 

19  46 

24 

54469. 

100.2 

50.71 

2  ♦  0 

4 

1*53 

GUM  PEI. 


1  •  5 
1  .  3 
1  .  1 
1 . 0 


l 

i 


1 

1 

C 

( 

C 


-  .  1 
-  •  1 


C-104 


w 


( onnt l nued ) 


♦ 

r 


i 


0 

-  YFARS  (RECORD)  MONTHS 

DURATION  IN 

MONTHS 

_  _  _ 

u 

4  7 

0 

12 

V 

EFFECTIVE 

YEARS 

46.08 

fm 

NUMBER 

VOLUME 

rate 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

0  U  M  t:  L 

1 

18811  . 

26 . 0 

1  .  49 

67.0 

5  19  39 

2 

20924  . 

23 . 9 

3.6  4 

27.4 

2  19  35 

- 

4 

21166 . 

29 . 2 

#  gA 

17.3 

4  1940 

1 

v  . ' 

4 

25512. 

35.2 

7 . 95 

12.6 

2  19  39 

1 

r: 

70584 . 

42.2 

10.1  o 

?  .  9 

3  1962 

1 

6 

43564 . 

60. 1 

12. 2^ 

8.2 

3  1936 

1 

7 

49058 . 

67 . 7 

14.40 

6 . 9 

3  1932 

1 

8 

50205. 

6  9.3 

16.56 

6 . 0 

12  1959 

9 

59631  . 

79.5 

18.71 

5 . 3 

6  1964 

10 

62038. 

85.6 

20.8  6 

4 . 8 

4  194  1 

r 

1 .1. 

66143* 

91.3 

23 . 01 

4 . 3 

2  19  3  4 

12 

63136 . 

9  4.0 

25 . 16 

4.0 

7  1957 

13 

75501 . 

104  .  ? 

27.32 

3 . 7 

12  1 95S 

14 

91198. 

125.9 

29,47 

3.4 

6  1968 

15 

92949. 

128.3 

31.62 

3 . 2 

4  1953 

16 

94277 . 

130, 1 

7  ;  7  f  7  7 

3.0 

3  1956 

fe 

17 

96270. 

132.9 

35.92 

2.8 

3  1946 

■ 

18 

96390. 

1  33 . 0 

38.07 

2.6 

6  195  4 

19 

102911  . 

14  2. 0 

4  0.23 

2 . 5 

3  1931 

r. 

20 

103937. 

143.5 

4  2 . 38 

2. 4 

4  1=42 

1 .  * 

21 

110336. 

152.3 

4  4 . 5  3 

?  ♦  2 

3  19  4  7 

p  p 

1 1  1484, 

153.9 

46.68 

2.  1 

3  19  4  4 

* 

;>  "7 

1 2041 9 . 

1  66 . 2 

4  8 , 8  3 

7 . 0 

3  19  7  4 

■ 

24 

144337, 

1  99 . 3 

50 . 99 

2.0 

12  1960 

! 


C-105 


(continued  ) 


YEARS  < RECORD )  MONTHS 
47  o 


DURATION  IN  MONTHS 
24 


EFFECTIVE  YEARS 


45, 

OS 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-F  r 

CFS 

FREQ 

INT 

DATE 

GUrtBEL 

l 

48550  . 

33.5 

1 .53 

6  5 . 5 

"7 

1941 

2.81 

'? 

52534  , 

36 . 3 

3 . 72 

26.3 

—* 

.. J 

1.2.33 

2 , 1  0 

$ 

5531  1  . 

38.2 

c  9  o 

16.9 

5 

1935 

1 . 7? 

4 

1 13334 . 

gO  4  £ 

3.12 

12.3 

3 

1960 

1 . 4  7 

itr 

j 

127276  . 

87.8 

10.32 

9 . 7 

7 

1933 

1 . 28 

A 

157945. 

10'?.  0 

12.52 

8 . 0 

7 

1965 

1.12 

“? 

178291  . 

123.0 

1  4 . 72 

6 . 8 

3 

1962 

n  r-. 

♦  7  O 

•S' 

195014. 

134. 6 

16.9? 

r  o 
♦  7 

3 

1956 

.  36 

9 

206606. 

142.6 

19.12 

e;  7 

J  1  L. 

3 

1947 

.  76 

to 

253225. 

173.2 

21 . 3? 

4 . 7 

3 

1953 

.  6  6 

1 1 

269454 . 

136.0 

^  *7  cr 

4 . 3 

3 

1943 

.  58 

i  ? 

300667 . 

20  7 . 5 

-“>  fr  f  7  ’> 

3.9 

C“ 

_l 

19  5  3 

.  5  0 

r3 

310991  . 

:  1 4 . 6 

27.92 

3.6 

3 

1969 

,42 

I  4 

333027. 

267.8 

30 . 12 

3.3 

3 

1975 

.  35 

J.  5 

393159. 

271  .  3 

32.31 

3.1 

3 

1945 

.28 

1  6 

436303. 

301.5 

34.51 

2.9 

6 

1949 

O  7 
•  *. 

1  7 

443872 . 

306 . 3 

36.71 

2.7 

9 

1971 

.  16 

1  8 

670995 . 

463 , 1 

38.91 

2.6 

3 

1967 

.  10 

IN DEPENDENT  EVENTS  EXHAUSTED 


P 


0106 


( continued  ) 


YEARS  (RECORD )  MONTHS  DURATION  IN  MONTHS 

4  7  0  4  8 


EE  FEC'TIVE 

4  3.08 

YEARS 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

GUMBEL  I 

1 

110623. 

38 . 2 

1 . 60 

62.7 

5  1940 

n  t  7  7 

135063. 

6  3.9 

3  •  90 

25 . 7 

4  1936 

"  ,  . 

3 

297175. 

102 . 5 

6 . 20 

16.1 

3  1962 

1  .  6  9 

4 

411703 . 

142,1 

IT  . 

C*  ♦  J 1  V 

11.8 

8  1957 

1.44 

,J 

552553. 

190.7 

10.80 

9  •  3 

3  1948 

1.24 

6 

317953. 

232.3 

13,10 

7,6 

12  1966 

1  .  08 

/ 

942080  . 

325.1 

15.40 

6.5 

3  1974 

.  9  4 

8  976492. 

INDEPENDENT  EVENTS 

337,0 

EXHAUSTED 

17.70 

5 . 7 

5  1953 

n  “» 

♦  O 

V EARS  ( RE CO R D  )  MON T  H  S  D UR ATI  ON  I  N  MO N T H S 

4  7  0  96 


EF  FECT  I VE  YEARS 
39 . 08 


NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

INT 

DATE 

GUMBEL 

.1  256443. 

44 . 2 

1 . 76 

56.9 

3  1941 

'-i  £ 

2  750415. 

129.5 

4 . 29 

23 . 3 

3  1962 

1*9° 

3  1376483. 

237 . 5 

6.82 

14.7 

3  19  4  9 

1 . 62 

4  1310202. 

312. 3 

9 . 36 

10.7 

12  1970 

1  •  3  6 

INDEPENDENT  EVENTS  EXHAUSTED 
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Maple  River  at  Mapleton  -  Year  1980  Case 


(Same  results  as  in  year  2030  case.  See  table  in  Results 
of  Year  2030  Partial  Duration  Analyses.) 
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r.V’A"V  •7TVT 

to 

*•  ■ -'-n 

r 

V  * 

vy 

// 

Red  River 

at  Rustad  - 

Year  1980  Case 

E 

RED  RIVER  AT  RUSTAD 

YEARS  (RECORD)  MONTHS 

..DURATION  IN  MONTHS. 

— 

4  7 

A 

ri 

V. 

*'  ■ 

EFFECTIVE 

...  YEARS... 

— 

. — 

—  . -  -  — 

4  ,4 , 9 

P 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

END 

IMG 

AC -FT 

C  F  S 

fre  n 

1  N  T 

DA 

TE 

GUM  BEL  '• 

1 

2087. 

17.3 

1  .  4  - 

L  O  “ 

10 

19  36 

2 . 3  4 

1 

214  7. 

.1  7 . 8 

■7  ^ 

■-»  *7  Q 

10 

1934 

2.1? 

1  • 

2329  . 

19.3 

c;  ^  1  g 

17.6 

10 

1932 

1.76 

,1 

26  4  2. 

21.9 

7.81 

12.8 

9 

19  76 

1.5! 

- 

2  ?  3  2  . 

24 . 3 

***  ♦  9*  Z 

10.1 

10 

19  4  0 

1.31 

,2 

3171  . 

n  /  -T 

»-l  'j  ♦ 

1  2  •  v  4 

C;  ^  T 

O 

n 

1  9  3  2 

1.35 

•• 

317  4. 

r>  /.  “7 

14.15 

~  .  1 

10 

1  9  39 

1.02 

3295  . 

•“)  7  #  “7 

16-2  6 

A  .  1 

10 

1.933 

.  90 

r 

9 

4014  . 

33.2 

18. 38 

5 . 4 

1  2 

19  36 

.  79 

1  0 

4016  . 

3  3  •  3 

20  -  4  9 

4  9 

3 

I  9  3 

.  70 

1  I 

4137. 

34 . 3 

22.61 

4  .  4 

Q 

193  4 

.  61 

*/- 

* 

1  2 

4  140. 

94 . 3 

•  •  /  #  7  *» 

*1  ,  •  . 

1 

19J1 

.  j7 

i 

4  195  . 

74  .  " 

2  -6 .87 

1  -• 

1  9  7A 

.  4  .£ 

1  4 

4  9  1  9  . 

4  0  .  ~ 

g»  r 

■* 

3  2 

19  74 

.  3  v 

■M 

1  5 

5057. 

4  1.9 

3  1  .  06 

c 

1930 

*7  7 

1 

16 

5237  . 

13.8 

3  3.39 

3  .  '• 

3  0 

1935 

.  26 

1.  7 

5764. 

47,7 

3  5.29 

t  C; 

! 

1933 

.20 

1  K 

«■  O'’)'-  . 

a 

7  7  #  J 

-•  #  - 

1 

19  3.6 

1  A 

V*V 

1  9 

6  12  7. 

cr  ,-f 

79.5 : 

c 

1 

19  38 

.  09 

»  . 

20 

624?. 

r  4  "■ 

i  ♦ 

,<i  1  (  7 

-•  /1 

1  9  3  “ 

.  07' 

7  1 

6308. 

cr 

4  7  .  ■’ c 

?  .  3 

1 

1  9  4  A 

"  ♦  V  k. 

* 

■  )  • 

6  3  a  S  . 

cr  n  -7 

•  * 

4  5  •  8  a 

J  •  U 

12 

3  9  3  3 

- .  0  7 

'•> 

6  5  4  8. 

5  4  ,  ;• 

4  ‘ '  .  9  " 

2 . 1 

1935 

,  1  2 

•  A 

i  1  f 

S  A  ? 

IT  *  i  V 

?  •  r* 

... 

1  9 -A 

-  «  1 

— 

p 

•  *, 

r 

C-109 
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(cont inued  ) 


ft  S  ■  ft  E  C  0  ft  D  >  MONTH  S  0  U  R  A  I  1  0  A  [  H  M  ij  T  hi c: 

7  0  3 

FPTIVE  YEARS 
■1  A  .  3  3 


'  f!  1'  (•' 

'-'01  UME 

RATE 

E  x  CEE p 

s'  E  C  U  F: 

E  i  J  L'i  I N  G 

AC -FT 

C  F  S 

FREQ 

I N  r 

D 

ATE 

GUM BEL 

1 

3400  . 

18.8 

1  .  J  3 

68. 1 

1  1 

1ft  3  6 

o 

3  5  ft  2  . 

1ft  .  8 

7  ,  ‘Vft 

•?  7  t  ij 

1  0 

1934 

2.13 

377  3  . 

20.8 

J  *  / 

1  7 . 5 

1  0 

19  32 

1  .  7  A 

k! 

2  S  3  * 

/■»  •-) 

7  O  •• 

4  - 

1  7  •  8 

1  0 

1  ft  3  ft 

1  .  5.1 

'• 

5  3  4  3  • 

2  9  *  5 

V  ,  V?  \ 

!.  0  .  1 

1  0 

1  ft  4  0 

1.31 

6  418, 

35 , 4 

12.06 

8  .3 

1  1 

19  33 

1,15 

7801  . 

43  .  1 

14.13 

7.  1 

1 

19  35 

1.01 

; 

7988 . 

44.1 

16.2ft 

A  1 

1  1 

1931 

,  90 

8471  . 

46 . 8 

l  8  .  <»  1 

S  .  4 

1  1 

1  ft  35 

*  i  . 

8586 , 

4  7 , 4 

2  0 . 5  7 

4  ^  o 

1 

1971 

.  7  0 

i 

8828 . 

4  8  .  7 

2  7 . 6  :• 

. 4 

1 

1  ft  33 

.61 

!  “• 

89  4  8- 

4  ft  .  1 

2  4  -  7  >■ 

*  0 

•-> 

1  9  3  ■’ 

cr  -y 

-  2  5  0  ♦ 

51.1 

->  >  _  C;  C- 

7  . 

—> 

1  5  3  6 

-  *1  6 

1  1 

ft  "  9  4  . 

54  .  1 

^  '  ' 

3  .  4 

n 

1  ft  3  8 

7  C> 

9°  1  4  . 

5  4  .  "7 

31.1  2 

7  ^  “• 

1934 

♦  ? 

'3  9  6  2  . 

55 . 0 

-■  y  t  6  y 

3  ♦  0 

r*i 

Q 

1936 

;>  i 

' 

ft ? 75  . 

55  •  1 

3  5  •  3  5 

•n 

1 

_1  94  0 

TA 

«  r. 

10294. 

56.8 

3  7  .  4  7 

2~»7 

1  0 

1930 

,  14 

■*  </ 

12148. 

67.1 

3  ft  .  5  ft 

2 . 3 

1 

1970 

.  03 

cO 

12571  . 

6?  .  4 

41,71 

2 . 4 

1941 

.  03 

i 

1 26? 7. 

70. 1 

4  3.82 

2 . 3 

3  93  1 

- .  0 

V* 

1 7881  . 

"1.1 

15.ft* 

S  ♦ 

C 

t  9  7 

-  .  0  " 

•  * 

1  2. 9  ft  ft  . 

7  1 . 8 

4  3 . 06 

2  .  1 

i  i 

1938 

-  .  i 

4 

13356. 

7  3  •  7 

5  0  .  1  8 

?  ♦  M 

2 

1932 

- .  i  " 

4 


1 


(  com  1 1  nu^ij  ) 


V'FAPS  (RECORD)  MONTHS 
•1  •  0 


DURATIQN  IN  MONTHS 

4 


r  T  I V  E 

YEARS  _ 

4  6 . 75 

i  M  E-:  E  R 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-ET 

CFS 

FREQ 

i  i'->  r 

DA 

i  1:.. 

i 

4  8  4  4. 

20 . 1 

1.47 

6  ?  .  9 

1 1 

1  9  3  6 

5  4  9  9  . 

22.3 

3 . 5  9 

-}  ’7  rj 

1 

i  t  ■ 

'5690. 

23 .6 

5.71 

1  7 .5 

1  1 

19  34 

4 

3950. 

3  7.1 

7 . 3  4 

1  7  ,  ff 

1  1 

1  939 

9  312  . 

38.6 

9.9  6 

1 0 . 0 

1  I 

19  4  0 

f 

9663 . 

40.0 

12,  OS 

•5 .  3 

1  2 

1  v  ' 

"? 

11 172. 

46.3 

14. 2f'. 

7 . 0 

i  2 

19  35 

11414. 

4  7 . 3 

16.32 

6 . 1 

i  ■> 

j. 

1  9  3 1 

n 

12133. 

50-2 

18.44 

5.4 

“ 

1933 

i  r.: 

15772. 

65.3 

20.56 

4 . 9 

1 1 

1  9  3  0 

1. 1 

15815. 

65.5 

•  22 . 69 

4 . 4 

•-\ 

1  9  7  0, 

i  :> 

1611 7 . 

66.7 

2  4 . 8 1 

4 . 0 

2 

1  *70 

1 

16787 . 

69 . 5 

^  O’*? 

"2  ' 

i  2 

1  v  3  p 

i  a 

1 7023. 

70.5 

29.05 

7  ,  A 

- 

1  9  7  1 

i  =• 

18170'. 

75 . 2 

31.17 

3 . 2 

■t 

1  9  3  4 

1  6 

18532. 

76 . 7 

33.2' 

3.0 

"7 

1937 

(.  7 

19921 . 

82.5 

35.42 

o 

7 

1  0  4  0 

21913, 

9  0 . 7 

37.54 

2  <  7 

1 

1  9  30 

1 

23548. 

9  7 . 5 

39 . 6  6 

c' 

i  2 

1  9  6  1 

24992 . 

103.5 

41  .  78 

2  *  ^ 

7 

1  «  3  1 

■>  1 

77165. 

112. 5 

4  3.9  0 

7>  *  7. 

1  9  3  5 

GUM PEL  I 

«  O  “7 

2, 1  | 
1.76 
1  .  50 
1  .31 
1  ,  1 5 
1  .  0  1 


( continued  ) 


A  R :  (PE 

CORD*  MONTHS 

DURATION 

I  N  M  0  N  T  H  ' 

4  ? 

n 

FEET  TOE 

TEARS 

\ .  f, 

U  I  I  r\  ji  (■  f. 

U 01 UME 

RATE 

EXCEED 

R  E.  0  U  E 

ENDING 

A  C  -  E  T 

CFS 

FREO 

I  N  T 

n 

A  IE 

G UMBEL  K 

1 

10117. 

37,9 

1  .  48 

6  7 . 7 

12 

1 

r'  T  k 

•~i  r>  ■** 

»  O  • *• 

'? 

1 1203 . 

30  •  9 

3 . 6  1 

->  7  #  "" 

2  2 

1 

9  3  4 

2.13 

1  1  3  2  4. 

31.3 

5  %  7  v 

17,1 

1 

1 

q  2_2 

1  .  7  6 

4 

15257. 

4  2.1 

7  #  p 

1  2  •  " 

1 

1 

Q  4  A 

1  .  50 

1  ~ 

1 6333. 

4  5 . 1 

9  # 

1  .  »  '< 

n 

1 

Q  7  i\ 

1.31 

•  5 

17721  . 

4  8  •  ? 

12.12 

0 

1 

9  3  6 

1.15 

'  7, 

"7 

1 7914  . 

4  9.5 

14.25 

7 . 0 

1 

1 

94  1 

1.01 

19544  . 

34.0 

16 . 38 

6 . 1 

1 

1 

<7  3  2 

.  89 

2  3  4  0 8 . 

6  4 . 6 

18.5  J 

5  -  4 

1 

1 

931 

♦  7P 

f  ,A» 

26*70 • 

7  4 . 5 

2  0 . 6  A 

,1 , 8 

1 

1 

v  '7  0 

.  6  9- 

rii 

■  i 

3  0460  . 

84  .  1 

2  7  “7 

1  .  4 

-■  ^ 

.  6  1 

4  •**. 

I.  . 

7  S  , 

09  {  ^ 

2  4 . 9  0 

•1  .  1 

« 

v  7 

«  *77 

’  7 

37173  . 

1  0  2 . 6 

J  7  t  0  2 

1 

i 

7 

,  45 

:  ■? 

4452'. 

122-9 

2?  t  1  fi 

7  _  £ 

2 

1 

v 7  i 

.  38 

■ 

45493 . 

125 . 6 

3  1  .  28 

2 

*■> 

1 

q  c;  7 

.31 

.  m 

1  6 

4  6  3  3  3  . 

1  2?  .  3 

3  3 . 4  1 

T  ^ 

1 

1 

94  2 

.  25 

* 

1  •’ 

43734  . 

1.35 . 1 

35 . 54 

<-> 

- 

1 

9  4  9 

1  9- 
♦  x  7 

.1  B 

52255 . 

114.3 

37.67 

*■)  7 

1 

9  50 

.  1 3- 

1.9 

53346  . 

147.3 

39  .  SO 

O  ft 

A 

1 

97"? 

.08 

20 

56063. 

154.8 

41 .93 

2  -  1 

1 

9  7  '7 

,03 

*  *.* 

61 250  • 

169.  l 

4  4 . 0  6 

“  "7 

~ 

l 

9  6  8 

-- ,  0  3 

.-y 

6  2  3  3  3  . 

172. 1 

4  6  -  1  * 

« 

9  "*  * 

-  ,  08 

a. 

7 

6  3001  • 

1  *7  -* 

A  *  --I'  *  7 

4  8.31 

2  .  1 

1 

O  1  1 

>•  X 

-.13 

>  4 

6  3  7  2  0  . 

1_75fQ 

5  0 . 4  4 

2 . 0 

•7 

1 

97  c- 

l7 

..  % 

(continued) 


■1 

YEARS  (RECORD)  MONTHS  _ Oil  RATION  IN  MONTHS 

4  •  0  9 


F  F  f  f  -  iJ'Ut  >  EARS 
4  6  .  7  5 


4 : 1  f-i  E  r  R 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

A  r  -  ft 

CFS 

FRED 

I  NT 

DATE 

GUMBEL  !■ 

1 

2  1  6  4  6  . 

39 . 3 

1.48 

6  7*3 

2  19  3  3 

2.83 

22139 . 

1 0 . 3 

3.63 

2  7 . 6 

2  1935 

2  .  1  2 

* 

22310. 

41  .  1 

5.77 

17.3 

2  1937 

1 . 75 

.1 

30531  . 

36.3 

7.91 

1  2 . 6 

2  1  0  3  4 

1.50 

l 

33816. 

71  .  4 

10 . 05 

1  0 . 0 

4  19  4  0 

1 . 30 

4  3 1  0  3  . 

79. 3 

12.19 

•U  *  *1' 

4  1032 

1  ,  1  4 

? 

45931  , 

p  4  * 

14.33 

7 . 0 

3  1941 

1 . 0 1 

4 6 354. 

35.3 

16.47 

6  .  1 

3  3.936 

.  89 

4  6  7  S  wi  • 

36 . 1 

18.61 

5 . 4 

4  1 93 1 

.  78 

to 

59524. 

109.3 

20.95 

4  .  S 

4  1938 

.  69 

:  ! 

70790. 

130.3 

22 . 8Q 

4 . 4 

2  1939 

.  60* 

i  ■ 

•7  9  7  A  3  , 

1  35.3 

25 . 0  3 

4 , 0 

3  196  2 

.  52 

1 

33915 . 

1  54 . 4 

27.17 

7  t  7 

4  1 0  4  2 

.45 

1  4 

8 9 831 . 

165-3 

29.31 

3 . 4 

4  1  9  7  0 

.  38 

'  5 

°6584 . 

177.8 

31.45 

T  t  2 

3  1949 

.31 

1  f. 

07921  . 

130.2 

33,59 

3,0 

4  1961 

.  25 

!  ~ 

104795. 

192.9 

35.73 

2  *  S 

3  1957 

.  1  ? 

1.  : 

1  1  0  3 12.- 

203.0 

3  7.8  ? 

2 .  * 

5  1971 

.  13 

•  c.« 

1 12109. 

206. 3 

4  0 . 0  1 

.1  1 9  6  3 

♦  0  7 

1 1. 8 1 9  3  < 

2  1  7 . 3 

4  2,15 

2  .  A 

3  1965- 

.  0  7 

•  .  * 
i 

1909R4. 

222.7 

44 . 29 

0  -7 

4  1  9  5  0 

-.03 

i 

126331  . 

233 . 4 

46 .43 

7  7 

3  1'064 

-  .  08 

1  3  2  5  7  5  . 

24  4.0 

48.57 

2  .  1 

4  1955 

-  .  13 

2  4  1  8  6  6  - 

261-1 

50.71 

2  *  0 

6  10  80 

-.18 

C-H3 


(cont  tnued  ) 


Y  F'  A  f<  -•  ■'  RE  COP’D  '  MONTH', 
4  0 


DURATION  IN  MONTHS 
12 


rf-Rf  f  TIUE  T  EARS 

A  6  .  0  2 


i  m  Vi  rr  i-’. 

•nil  ii m£ 

RATE 

EX CEE D 

RECUR 

E  "J  0 

I  AC- 

a  r  -ft 

CFS 

FREQ 

i  n  r 

no 

TF 

G  U  A  EE 

i 

a  4  7  4  7  . 

6  1  .  8 

1  .  49 

6  7 . 0 

i 

i  v  7 

'"i 

4  S  1  8  °  . 

*6.5 

7  __  {  4 

2  7 . 4 

2 

2 

e:.  -2  r  ?  6 . 

7  4,8 

5  .  SO 

17.3 

C" 

1  9  7  - 

l 

81696. 

112.8 

/  *  r 

1  2  -  A 

i  ;• 

1  Q  J  1 

i 

8  7  4  3  1  , 

120.7 

10.1  o 

S 

1  9  4 

i 

2  9  tc  «;  4 

123.3 

12.25 

3 . 2 

7 

1  9  3  A 

4. 

1  0  3  369. 

142.7 

14 . 40 

A.® 

i  i 

1  9  3  8 

1 

!•: 

1 1 7029 « 

156.0 

16.56 

6 . 0 

r 

19  4  1 

125889  , 

173.S 

18.71 

c  ~2 

7 

1  9  A  2 

1 

151739, 

209.5 

20  -  86 

4 . 8 

1  2 

1  9  3  o 

!  i. 

1.  2  4  '7  5  . 

224 . 3 

23 . 01 

4 . 3 

6 

1  ?  4  9 

. 

* 

1 72376 • 

•->  *7  '7  Q 

25 . 1  * 

4 . 0 

4 

1  V  J  " 

1  3 

1 85658  . 

•*)  cr,  ,A  #  7 

27.32 

3  ,  ? 

1 9  4 : 

•; 

1  9  7-3-32 . 

2  7  2.9 

•->  cp  ^  7 

3  -  1 

6 

1  9  7  1 

1 

200449 . 

2  7  *  .  ~f 

31  .  62 

3  ♦  r‘ 

9 

1  9  - 

1 

20*723, 

285.3 

3  3 . 77 

3  -  0 

7 

1  955 

; 

208  901  , 

238.3 

35.92 

7  o 

9 

19  68 

1  « 

2  3.5603 . 

297.6 

38.07 

2 . 6 

1970 

t  o 

223149. 

303.0 

40 . 23 

c; 

4 

1957 

?  o 

2  3  3  3  5  3  , 

322.1 

4  2 , 33 

2  .•  4 

10 

1  9  A  4 

■  ! 

251  9  4-> . 

3  4  7 . 3 

4  4.53 

».  ♦ 

4 

19*- 

_ 

2  *  8  0  0  7 

3  -  9  4  9 

46 , 6  3 

2,  1 

1  Q  * 

~ 

«:>  <;■»  ^  o  j 

9 .  s 

4  8 . 83 

2  *  ' 

i 

1  9  4  r. 

- 

■..? 

320290 , 

4  4  2.1 

50 . 99 

2 . 0 

1  0 

19*3 

C-114 


( cont Inued  ) 


V FEARS  ‘RECORD}  MONTHS  DURATION  IN  MONTHS 

4  7  0  2  4 


FT  RE'  r  l VE  .■  EARS 
A  5 . 0  ?! 


NIlnRFf 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -F  T 

CFS 

FREQ 

I  N  T 

n  a  t  p 

G UMBEL  1 

t 

1  ].  5  5  7  6  • 

79*8 

1 .53 

y  r  <r 

J  ♦  -■ 

4  1  3  ■’ 

2.81 

1 53550 . 

106. 0 

3.72 

26  •  8 

5  i  v  7 

2.10 

; 

t 9351 ?  . 

133.6 

5.92 

.1.  6 . 9 

4  19  3  7 

1 . 73 

4 

199313 . 

137.6 

8 . 1 2 

12.3 

3  3  9  4  1 

1  .  47 

334175. 

265. 1 

10.32 

9 . 7 

3  1  -•  6  2 

1  •  28 

6 

407358 • 

281.1 

12.57 

8 .  o 

1  7  £ 

1,12 

*;• 

4  13  3  3  5 . 

285. 3 

1  4 . 72 

,  0 

O  1  9  7  1 

.  98 

a 

4  3  0  1  0  8  - 

331.3 

16.92 

J  T  V 

1  1*50 

.  86 

Q 

481617. 

332.4 

19.12 

r— , 

2  i  •?  5  7 

.76 

1  o 

519230 . 

338.3 

21.32 

4 , 7 

3  3  965 

.66 

1  !. 

5  5  4  9  7  0  . 

383 . 0 

23 . 52 

4 . 3 

3  19  4  3 

*  58 

i 

A  1*91 3 . 

425 . 8 

“>  cr  *7  t 

-  _  '  ♦  / 

7  ;  v 

O  1  v  "7 

.  50 

i  '* 

<>2409-  . 

4  30.7 

27 .92 

A 

7  1  V*  V 

.  42 

1.  4 

703126  • 

4  85.3 

30. 12 

7  #  7 

'•  1  9  7  4 

.  35 

1 5 

748949, 

516.9 

32.31 

3.  1 

3  194  7 

.  28 

1  A 

303345. 

554 . 4 

34.51 

2 . 9 

2  1955 

.  22 

1  7 

982049 . 

677.8 

36.7  1 

2. 7 

1  1  9  5  2 

.  16 

1  8 

1 160632, 

801 .0 

38 . 9! 

2  •  A 

3  1  9  4  5 

.  1 0 

|  C 

1321 164. 

911.8 

41,11 

2 . 4 

T  1  9  4  7 

.05 

I NDfcT'EN' 

'ENT  EVENTS 

EXHAUSTED 

0115 


( con t  inutfd  ) 


TEAR'S  /  PE  C'OPD  >  MONTHS  DURATION  IN  MONTHS 

4  7  0  4  P 


F I  F  f  r  T  ]■  'J ! .  i  E  A  P  • 
4  3  .  o  * 


f.l  I  I  h  p  £  p 

U ii I  l.i MF  RATE 

EXCEED 

RECUR 

E  H  D  I  N  G 

AC -FT  CFS 

FREQ 

I N  T 

DATE 

GUMBEL 

1 

86.0 

r.60 

A  2 . 7 

2  1  9  3  3 

*7 

58 11-8.  131-0 

3 . 90 

*  tr  y 

2  1  8  3  ° 

2 . 0 

-4?-;  55.  258.7 

6.20 

16.1 

2  184  3 

1  , ..  9 

4 

791533.  273.1 

8.50 

11.8 

3  1362 

1.44 

’•  1 

173030.  404.8 

10.3  0 

9,  3 

3  1  8  5  8 

1.24 

6  1 

288886.  444.3 

13.1 0 

7  A 

7  1871 

1  . 08 

l 

120038.  4  55.5 

15 . 40 

6 * 5 

8  1876 

.  9  4 

S  1 

384577,  477.8 

17.70 

c*  -f 
♦  / 

7  1851 

.■4  V 

♦  0  .. 1 

8  1 

7885^4 .  *17.2 

20 . 00 

5 . 0 

1  0  1  8  6  6 

— » 

i.  0  1 

3  7 6 0  3 2 .  6  4  8.4 

22. 30 

4 . 5 

6  3  84  7 

♦  6  2 

D  E  F-  E  N  n  F  N 

T  TURN'S  EXHAUSTED 

F-  A  P  ?  •  R  E  i 

.if.  i' •  m.'i NTH'-  OUR 

AT  I  ON 

I  N  M  0  N  T  H 

- 

96 


I  F  f  E  i;  T  I F  V  E  A  P  S 

-  7  .  r;  H 


■j  i  l  ri  P  R  V  0  L  Uh  H 

RATE 

EXCEED 

P  E  c  U  P 

E NBING 

A  C  -  ) 

CF  ? 

FREQ 

I  NT 

DATE 

G U M PEL 

1  a  1  6  1  8  3  . 

106 . 3 

1  .76 

5  6.9 

6  1  ?  3  8 

2.69 

2  1  9  6  4  5  6  4  . 

3  38 . 0 

4.27 

23.3 

3  l  3  6. 2 

1 . 39 

3  2  4  3  8  4  8  *  . 

4  20 . 7 

6.82 

14.7 

6  13  4  6 

1 .62 

■3  *  ?  8  9  3  f.  7  , 

fN  nr  S' EN  HE  NT  f  E  1  S  1 

517. 5 
EXHAUSTED 

9 . 3.4 

10.7 

6  18  7  5 

1  •  36 

C-116 


I.M  O' 


Red  River  at  Briarwood  -  Year  19^0  Case 


RED  R  I  VER  AT  BE  I AR WOOD 
V  £  A  R  S  •'  R  E  C  0  P  P  >  M  0  N  T  H  S 
4  7  0 


DURATION  IN  MONTHS 
n 


EFFECT  I VE  TEARS 
4  6  •  9 .? 


1 0  L  U  M  E 

RATE 

EXCEED 

r  - 1-"  t 

CFS 

FREQ 

2  1  ;%  ■ 

17.9 

1  .  47 

2  1  ,?  • 

17.9 

3.58 

-)  1  a  7  ( 

18.9 

5.69 

2  6  3  s  . 

21 .8 

7 . 8 1 

2  3  8  6  . 

7  7.9 

9 . 92 

U  6  4  . 

2  A  .  7 

12.04 

7  IBS. 

26 . 4 

14.15 

7  7 ,7  9  , 

27 . 4 

16.26 

.1 0  0  A  . 

33.2 

18.38 

A  00  9  . 

33.2 

20.49 

•1 1.  7  0  • 

34.2 

22.61 

1  8  “■ 

34 . 7 

24 . 

4  7  0  P  . 

79.4 

26.83 

4  8  2  2  • 

10.2 

28 . 95 

5  0  5  0  • 

41 .8 

31.06 

0  3  6  2  . 

44. 4 

33.18 

0  4  55 . 

45 . 2 

35.29 

L-3  '  , 

47 .2 

3  7 . 4  0 

0  3  ■’  3  , 

48 . 7 

7  9.52 

0  3  p  . 

.<<5,2 

4  1.63 

5  A  *  . 

49 .7 

43  I  75 

»  c-  9 

50  •  3 

45.36 

.  t  9  0  . 

51.2 

4  7.9J 

6  6  6  7  • 

tr  “» 

5  0 . 0  9 

RECUR 

I  NT 


ENDING 

DATE 


6  8.7 

10  1976 

2  7.9 

10  1934 

17.6 

10  1932 

12.8 

9  1976 

10. 1 

10  1940 

8 . 7 

8  1  9  3  2 

7 . 1 

10  1939 

6.  1 

1 0  1 93  2 

5 . 4 

12  1936 

4 , 9 

8  1936 

4 . 4 

8  193  4 

4 . 0 

1  2  1  9  7  0 

7 . 7 

10  1931 

7.5 

12  193  4 

3.2 

'  9  1930 

3 . 0 

10  1935 

2  ..8 

1  1933 

■? 

12  1935 

2.5 

1  19  38 

,2i.l 

2  1937 

2  19  35 

2  ♦  ^ 

1  1«4  0 

2.1. 

12  _1_9  33 

2  •  2 

2  1  9  3  6 

1  1  >  r“  1 

m  Ij  1!  r  r  i_ 


1.31 
1  ,  1  0 
1  •  02 


C-117 


,r.  *'»-'*  ‘  •  •••-■  ..’a'  *  ■  *, 


to  to  w  i..t 


(continued ) 


v E A P S  •  RECORD)  MONTHS  DURATION,  IN_  MONTHS 

*4?  0  .  "  '"3  '  * 

EFFECTIVE  YEARS 
4  a  ,  g  3 


1 1 H  R  E  R 

VOLUME 

RATE 

EXCEED 

RECUR 

EMI 

IMG 

A  C  -  F  T 

CF3 

FREQ 

INI 

DATE 

G  U  MBEl 

1 

7410. 

18.8 

1 . 47 

68. 1 

1  1 

1936 

-  _  p 

36  07. 

19.9 

.3.59 

27.9 

1  0 

1  934 

2  .  1  3 

/ 

7 "'CM  . 

20 . 6 

5.70 

17.S 

1  0 

1  9  7  2 

1  ■  "  6 

4 

j  2  Q  4  * 

29 . 2 

-"J 

/  ♦  Cf  A 

12.8 

1  0 

1  9  4  ' 

1  •  3  1 

' 

t"  »">  n  4 

-J  4.  **  * 

15  0 

9.94 

1. 0 ...  1 

10 

1^79 

1  .  3  1. 

/. 

6  24  8. 

7  4  4  ■» 

12.06 

8 . 3 

1 1 

1933 

1.15 

748?  . 

41.3 

14.18 

7 . 1 

1 

193  5 

1.01 

o’ 

S361  . 

46 . 2 

1 6 . 29 

6  .  1 

1 1 

1935 

.  90 

85  IE- . 

4  7.0 

18.41 

5 . 4 

1 

1  9  3  3 

.  9 

1  0 

8  '3  7  5  , 

4  7.3 

20.53 

4 . 9 

« 

1 

197  1 

.  70 

T  1 

S  614. 

4  7 . 6 

22.65 

4 . 4 

10 

1  9  3  1 

•  6  1. 

1  2 

86  9  6  . 

A  Q  ,  0 

24 . 76 

4 . 0 

2 

1  9  3 

lt 

13 

9  360  . 

51.7 

26.88 

7  "7 

1  9  3  6 

.  4  6 

.1.4 

9541  . 

32.7 

.29,00 

3  •  4 

19  38 

.  39 

.1.  S 

9  0  6  2  . 

53.3 

31.12 

7 

1. 

19  40 

.  7  ’’ 

1.6 

9973, 

55.1 

3  3. 23 

3 , 0 

rj 

1  9  3  6 

■j  *'* 

10304 , 

56 . 0 

35.35 

^ 

10 

19  30 

.  20 

1 

10447. 

37.7 

37.47 

9  ,  "7 

2 

1  93.! 

-  1  4 

1  0 

12319. 

68.0 

3  9.50 

0  c; 

1 

19  7 

,  0  8 

•“* 

1 2620 . 

L  •  *»  “■> 

6  *  ♦  / 

41.71 

2  ,  1 

1 

1932 

.  0  3 

'■  1 

1 2681 . 

70 , 0 

4  3.82 

r- 

193! 

-  .  0  2 

•  1 

120^0 . 

■  1.1 

4  5.9 .1 

Q 

1  9  7,. 

-  1  0 

‘  ’  A 

12889  . 

71.2 

4  8 . 06 

2  .  1 

1  1 

19  33 

-.12 

M 

14720 . 

79  ,  1 

50 . 13 

2 . 0 

O 

19  3  3 

-  .  1  7 

C-llb 


( continued ) 


YEARS  'RECORD'  MONTHS  DURATION  IN  MONTHS 

A  7  0  4 


EFFECTIVE  YEARS 
46 . 75 


N  1.1  H  PER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

GUMBEL  1 

1. 

4852  . 

20 . 1 

1  .  47 

67 . 9 

11  1936 

2  ♦  S  2- 

5  4  4  6  . 

•->  2  „  a 

3.59 

27 . 3 

1  0  1 9  3  2 

7.13 

3 

c‘  -  7  i 

J  O  w*  •«'  ♦ 

r-  "7  T 

5.71 

17.5 

11  1934 

1  .  7  6 

4 

889  7 . 

36  .  S 

7.84 

12.8 

11  1979 

1  .  50 

ir 

9489  . 

39 . 3 

9 . 96 

10.0 

12  1933 

1.31 

1 0 044. 

•1  1 . 6 

12.08 

3. 3 

ii  394  0 

1.15 

7 

1 1059 . 

45.8 

1  4 . 20 

7  ♦  0 

12  1935 

1 . 0 1 

p 

11575 . 

1  7  *  9 

16.32 

6 . 1 

2  19  33 

.n  0 

♦  O  • 

12749. 

52 . 8 

18.44 

5.4 

12  1931 

-•  0 
♦  /  T 

10 

15593. 

6.4 . 6 

20.56 

4 . 9 

11  1930 

.  7  0 

11 

1 5620 . 

6  4 . 7 

2  2 . 6  9 

4 . 4 

2  1938 

-  61 

A  ■"> 

t. 

16344. 

6  7 . 7 

2  4.81 

4 , 0 

2  1970 

cr  -T 

1  v 

1 6  6  7  3  . 

■t  v «  0 

26. 93 

3 . 7 

12  1938 

-  45 

14 

17008  . 

7  0  *  A 

29.05 

3.4 

2  1971 

.  38 

1.5 

17310. 

71.7 

31.17 

3.2 

4  1934 

.  32 

16 

17612. 

72,9 

33.29 

3.0 

3  1937 

.  25 

17 

19363. 

80 . 2 

35.42 

2.8 

3  1940 

.  20 

18 

229  4  7  . 

9  5  •  0 

37.54 

7 

1  1930 

.14 

19 

23918  . 

9  9 . 0 

3  9 , 6  6 

2.5 

12  1961 

.08 

:>  0 

2  7  2  3  7.  . 

112-8 

41,73 

2 . 4 

1  1  975 

.03 

2  1. 

27936 . 

115.7 

4  3.90 

2  t  3 

3  1931 

-  .  02 

••  ■>  '■> 

2921 8 . 

121.0 

4  6.02 

o  •-> 

»_  ♦  .• 

9  3.976 

-  -  0  7 

29988 . 

124 . 2 

4  8.14 

2 . 1 

2  19  49 

-.12 

4 

■  30"! 3. 

1  2  7 . 2 

50.2  7 

2.0 

4  1932 

-.17 

( corit  lnued ) 


APS  (RECORD)  MONTHS 

DUR 

AT  ION  IN 

MONTHS 

47 

0 

A 

FECTIVE 

YEARS 

46,58 

NUMBER 

VOLUME 

u-  h  7  F 

fxt.ef:  d 

RECUR 

ENDING 

AC-FT 

CF? 

FREO 

I  NT 

DATE 

GUMBEL 

1 

1017:?. 

28 . 1 

1.48 

67.7 

12 

19  36 

9  O  7 

'■> 

11092. 

30 . 6 

3.61 

27.7 

1 

1935 

2.13 

7 

1 1 264  . 

31.1 

*5*73 

17,4 

12 

19  32 

1  ■  76 

4 

14  956  . 

4  1  -  3 

7  Q  £ 

1  „  «  7 

1 

1  940 

1 . 50 

i*; 

16  3  4  4. 

45.1 

9 . 9  9 

10.0 

1 

1934 

1.31 

6 

17721  . 

A  O  Q 
•  * 

12.12 

8 . 2 

2 

1936 

i  .  15 

’7 

19906. 

5  5 . 0 

14.25 

7.0 

1 

1941 

1.01 

8 

21234  . 

58 . 6 

16 . 38 

6, 1 

1 

1932 

.  89 

Q 

23  227  . 

6  4  .  1 

1  8 . 5  1 

5.4 

1 

1931 

r\ 

1  0 

29264. 

80 .  ft 

2  o  .  6  A 

4 . 8 

1 

1  ft  39 

.  6  9 

1. 1 

30  883. 

3  3 , 7 

7  ?  .  7  7 

4 . 4 

9 

1970 

.  61 

12 

32388 . 

89.4 

2  4 . 90 

4 . 0 

7 

1934 

.  53 

13 

32875. 

3  0.8 

22 . 0  2 

3.7 

2 

1938 

.45 

1  4 

37716. 

104,1 

29.15 

3.4 

1 

1962 

.38 

15 

44527  . 

1  '■}  #*)  Q 

31.28 

3  ♦  2 

n. 

1971 

.31 

.1.6 

46036 , 

127. 1 

33.4  5 

3 . 0 

p 

1957 

•->  rj- 
*  .1  .J 

t  V 

4  9  3  6  8  . 

1  3  6 . 3 

3  5 , 5  4 

2  ♦  8 

1 

1942 

.19 

10 

51530. 

1  A  2 . 7 

3  7  ♦  .5  7 

2*7 

9 

19  4  9 

.  i  7. 

1. 

54126. 

1  <J  9 . 4 

7  V  *  P  0 

Cj 

•H, 

1  ft  5  0 

.08 

P  0 

3  4  6  7  4  , 

J.  -/  /  7 

41  -  93 

2  ,  4 

L 

1  0  3  3 

.  0  3 

21 

62277, 

l  7  1  . 

.1  4  .  0  -i 

7  7 

1961 

-  .  0  3 

,y 

tL  9  7  7  ? 

1  ;  .  1 

4  6.1  2 

■->  n 

1  ft  6  8 

-  .  08 

7  * 

6  5  2 r-'  7  . 

1  4  .  " 

4  8.31 

?  ^  1^ 

•7 

192=-, 

-  .  13 

24 

6  7102- 

1  85  •  2 

5  0 . 4  4 

2.0 

■7 

1931 

-.17 

C-120 


( cont Inued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

4  7  0  9 

EFFECTIVE  YEARS 
46 . 33 


NUMBER 

VOl  UME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-F  r 

CFS 

FREO 

INT 

DATE 

GUMFEL 

1 

2  1  1  7  4  . 

3  9 , 0 

1  .  48 

6  7.3 

2  193  3 

*  r?  .*• 

-■> 

2165  7 . 

3  9 , 9 

•7  (  i  7 

27.6 

2  1935 

7.17 

22080  . 

4  0 . 6 

C" 

♦  .  / 

17.3 

2  1937 

1 . 7  5 

A 

30353. 

55 . 9 

7.9] 

1  2 . 6 

4  1934 

1  .  5  0 

i:  • 

39340. 

72. 4 

1  0 . 05 

10.0 

3  19  4  0 

1  .  30 

4  7  3 1  3  . 

3  7.1 

12.1° 

8 . 2 

4  19  3  2 

1.14 

.... 

4  9  0  0  6  . 

90.2 

14.3  3 

7.0 

to 

I-* 

*0 

»>4 

•> 

t  .  0  1 

P: 

5  0  4  5  7  - 

92.9 

16.47 

6  .  1 

4  1931 

Q  O 

9 

55768. 

102.6 

18.61 

5 . 4 

2  1941 

.  78 

1.0 

65913. 

121.3 

20 . 75 

4.3 

4  1938 

.  69 

1  .1. 

72726. 

133.8 

'-y  nn 

4 . 4 

3  1962 

♦  0  0 

13 

74725. 

1  3  7  ■  " 

2  5 . 0  3 

4.0 

2  1939 

.52 

1 

86  551  . 

159 , 3 

2  7 . 1 " 

3 . 7 

3  19  4  2 

.  4  5 

1  A 

98867. 

182.0 

29 . 31 

3 . 4 

3  1949 

,38 

1.  5 

109321  . 

201.2 

31  .  45 

3 . 2 

4  1961 

.31 

1.6 

1 1 1 425. 

205, 1 

33.59 

3 . 0 

3  3.970 

,  25 

17 

112029. 

206.2 

35.7  3 

2 . 8 

3  1957 

.  19 

I  8 

1 23450, 

7  3  6  .  1 

3  7 . 3  7 

2.6 

3  1965 

.  13 

1  9 

1 2  &  882. 

*y  ”•  'o 

4  0 . 0  1 

2 . 5 

4  1959 

,  07 

2  0 

1  30814  . 

2  0  *  S 

42.15 

2-  4 

4  196  8 

.  02 

3  1 

131552. 

242. 1 

44 . 79 

7.3 

5  1971 

-.03 

'7  '7 

1,37335. 

ry 

4  6.43 

n,  ^  9 

3  1964 

-.08 

')  7 

1 54978 . 

9  PS  ,  9 

4  8.57 

7 . 1 

6  1930 

-  ,  13 

2  ;  ;;  5  -7  0  9  . 

,  7 

50 . 7  ] 

2 . 0 

3  I960 

-.18 

C-121 


YEARS  (RECORD)  MONTHS 

4  7  "  '  0 

EFFECTIVE  YEARS 
44 . 08 


( cent  Inner)  ) 


DURATION  IN  MONTHS 
17 


UNDER 

volume 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

GUMBEL 

1. 

42936 . 

59 . 3 

l  .  49 

6  7.0 

9 

1935 

O  *“!• 

•“1 

47887 . 

66. 1 

3.64 

27.4 

;7 

1 93  3 

,  1  2 

; 

69681  . 

9  A  *  9 

5 . 8  0 

1  ’’ .  3 

~i 

1  9  3  ~! 

1 

•“»  C' 

4 

3  7371  . 

120.6 

7  O  K 

*■  7  _■ 

12,6 

12 

1  931 

1 

♦  A 

.  1 

97332. 

134.3 

10.1  0 

9  .  9 

1936 

1 

*  3  0 

,4 

97755 . 

134.9 

12*25 

9.  ♦  '? 

7 

1  9  4  0 

1 

.  14 

7 

115384. 

159.3 

14.40 

L  O 

1 1 

1938 

1 

.  0  0 

131365 . 

182.0 

16.36 

6  -  0 

3 

1962 

4  88 

152332 . 

210.3 

18.71 

c 

j  ♦  „• 

/ 

1941 

1  0 

164467 . 

227. 0 

1:!  0  ♦  3  & 

4 . 3 

12 

1  930 

i  O 

1  ! 

183847. 

253.8 

2  3 . 0 1 

4 . 3 

6 

19  49 

*  O V 

1.  u 

216569. 

298 . 9 

23.16 

4 . 0 

£ 

'-f 

197 1 

tr  ~ 

i. 

221  SCO. 

305.8 

27.32 

3 . 7 

s 

195? 

.44 

1  4 

239209 . 

3  30.2 

29.47 

3.4 

9 

1976 

4  3  7 

i  s 

239390 . 

330.4 

3  1  .  6  2 

3  4  2 

8 

1963 

.  30 

1  4 

254302. 

351.0 

33 . 77 

3  4  0 

"7 

1955 

.  2  4 

} 

261  1.8  4  . 

360 . 5 

35 . 92 

n 

-  »  C* 

4 

1957 

.  18 

1  u 

286541  . 

395.5 

38 . 0  7 

2  *  6 

Q 

1  ®73 

1  9 

•  *.  .. . 

1 

798918. 

4 1. 2 . 6 

40.23 

2  *  5 

6 

19  70 

/*.  *i 

.  y  >  ■ 

:!.  0 

3031-44. 

418. 4 

a  2  ♦  3  x 

2 , 4 

10 

196  4 

,  0 .1. 

1 

32343® . 

4  4  6.5 

4  4 . 5  3 

9  ^  9 

9 

19  61 

- 

.  0  4 

•  •" 

343967 • 

481.  7 

46.68 

2  -  1 

9 

1  9  4  2 

- 

r»  o 

•  -j 

369554  . 

510. 1 

A  8  4  3  3 

*  1  .* 

A 

1  9  46 

- 

,  1  4 

9  \ 

39  2  7  9  3 . 

542.2 

cr  a  n  r\ 

J  U  ♦  ▼  - 

2. 0 

3 

1975 

- 

,  l9 

C-J.22 
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( con  1 1 nued ) 


YEAR  E  <  RECORD )  MONTHS  DURATION  IN  MONTHS 

4  7  0  7  4 

EFFECTIVE  YEARS 
4  5.08 


JMBER 

VOLUME 

RATE 

EXCEED 

RFCUR 

ENDING 

AC -FT 

CFS 

FREQ 

I N  T 

DATE 

GUMPEL 

1 

113463. 

78 . 3 

1 . 53 

65 . 5 

4  1734 

2.81 

167013. 

115. 3 

3 . 7  2 

'2  6 . 8 

3  1937 

2  .  1 0 

'5 

205652. 

141.9 

e *  0  *■> 

_l  ,  T  J 

16.9 

4  1932 

1 .73 

4 

234088. 

1 6 1 . 6 

3.12 

12.3 

5  194  1 

1.47 

*;• 

29578?. 

204 . 1 

10.32 

rs  — » 

3  1939 

1.28 

6 

439943 . 

317, 4 

l  2  *  5  2 

O  t 

3  1962 

1.12 

7 

493088. 

3  4  0.3 

14.72 

i  C.1 

3  1760 

q  r-. 

j> 

515436 . 

355-8 

16 . 7  2 

tr 

6  1771 

,  86 

7 

567468, 

391 . 6 

1  9.12 

c*  . 

1  1950 

.  76 

10 

585457 . 

404  -  1 

21.32 

4 ,  7 

2  195  7 

.  66 

■  .1. 

689361 . 

4  75 . 8 

7  C'  “} 

4  ,  3 

3  1965 

,  58 

.1. 2 

697149, 

481.1 

'->  I.T  -7 

T  Q 

3  1  9  7  5 

.  50 

1  3 

858888  . 

592.8 

->  r,  •-> 

3 . 6 

3  1769 

.  42 

14 

914431  , 

6  31.1 

30 . 12 

7  #  7 

3  19  4  7 

.  35 

15 

1059628. 

731 .3 

32.31 

3  .  1 

2  1955 

.28 

16 

1195407. 

325.0 

34 . 51 

2.9 

5  1943 

.22 

1.7 

1384375. 

955.4 

36.71 

<■>  “7 

1  1752 

.  16 

18 

1392172. 

1  305,9 

38 . 7  1 

-■*)  ^  i. 

3  196"7 

,  1 0 

INDEPENDENT  EVENTS  EXHAUSTED 


C-123 


( cont i nued  ) 


YEARS  (RECORD)  MONTHS 

DURATION • 

IN 

MONTHS 

4  7  0 

4  8 

1FFECTIVE  >EARS 

**  < 

4  7  ,  .)  ;1 

i 

NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

| 

AC-ET 

CFS 

FREO 

I N  1 

DATE 

GUMBEL  K 

1  255663. 

88 . 2 

1 . 60 

^  ^  7 

n 

1935 

2 .77 

2  441793. 

132.5 

3 .  "  0 

i  r  ^ 

* 

9 

193  9 

2 . 06 

7  9  36  6  70. 

7  9  v  4  9 

^  *■)  /■ 
*_•  * 

16.1 

7 

19  4  3 

1  .  6  9 

,  ,  * 

4  953031. 

323.9 

3.50 

ll.fi 

7 

1  96  2 

1  .  44 

5  1412591. 

4  87.5 

10 . 80 

-J 

7  ♦ 

7 

1953 

1 . 24 

6  1661267. 

573.3 

1 3 . 1  0 

/  «. 

7 

1950 

1 . 08 

•V 

1663814. 

575.9 

15.40 

6 . 5 

8 

1973 

.94 

V* 

8  2506066. 

36  4 , 3 

1  7 . 70 

IT*  “7 

1  0 

1  9  6  6 

.  83 

*  3125010. 

1073 . 4 

7  0  »  0 |.*1 

rr  * 

7 

1  R  5  4 

.  72 

■to  • 

f  N  J  ■  1."  F'  E  N  DENT  EVENTS  EX  HA  U  S  T  E  D 

-  - 

..  . . . 

k 

V E A P S  <  R E C 0 ECO  M 0 NTHS 

DUE 

AT  ION 

T  nj 

HO Nf HE 

4  7  0 

_ 

effective  years 

3  9.08 

-j 

NUMBER  VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREO 

INT 

DATE 

GUMBEL  K 

.1  679585. 

117. 3 

1  .  76 

C'  ^  V 

Lt 

19  33 

2 . 69 

v 

9  9  "I  ^  i.T  4  •"?  O  4 

4  0  8 . 2 

4 . 2* 

9  ‘7  7 

7 

1962 

1 .99 

3  3  6  0  ^  4  7  6  . 

621  .  9 

6.82 

1  4  .  - 

6 

1 9  4  6 

1 . 62 

4  4211043. 

'?  •"  ^  4  i 

7  ♦ 

.1  0 . 7 

J> 

1975 

1.36 

!'N  DEPENDENT  EVENTS  EX 

HAUSTED 

C-  124 


Red  River  at  Fargo  -  Year  1980  Case 


RED  RIVER  AT  E  ARGO  -'M  OOP  HE  AD 
'  YEARS  (  RECORD  >  -  MONTHS  DURA  fd ON 

A  7  0  2 

EFFECTIVE  YEARS 
4  6 . 9  2 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDINC 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

GUM PEL 

1 

3  7  7  4  . 

3  0 . 8 

1  .47 

6S  .  2 

1 1 

1936 

2 . 8  4 

/•) 

4186  . 

7  A  f  7 

1  f 

C  /  *  7 

12 

2  .  1  7 

“5 

4  3  3  7  . 

35 . 9 

c;  l  q 

w'  •  O  7 

17.6 

10 

1  9  1 0 

4 

4  50’  • 

'?  ‘7  '7 

7  t  p  i 

12.8 

1  1 

1  9  3  -i 

1  •  5  1 

5 

4  634. 

38, 4 

9.92 

10".  1 

10 

1939 

1.31 

6 

4  755. 

3  9  ^ 

12.04 

8.3 

1 0 

1  3  3 

1,15 

*7 

inn-? 

MO  7  /  ♦ 

40 . 6 

14.15 

7.  1 

9 

19  3  0 

1 . 0  2 

p 

5238 . 

A  'I  f  A 

16 . 26 

6  .  1 

1  0 

1  9  32 

,  90 

o 

£-  2  Q  fi  , 

43.9 

18.38 

5 . 4 

10 

1935 

...  rs 

4 

.1. 

-•  302. 

4  3 , 9 

20.49 

4 . 9 

r\ 

1  9  3  6 

7  r. 

1  i 

54  23  . 

44,9 

22.61 

4 . 4 

8 

1934 

»  6  1 

1.2 

5450  . 

45, 1 

24.7  2 

4 . 0 

1 

1935  . 

cr  ~y 

IS 

5  450. 

45. 1 

26.  S3 

3 . 7 

1 

1977 

♦  4  6 

1 

5501  . 

A  cr  ^  i 

28.95 

3,5 

9 

1976 

,  3  ° 

«  cr 

5632. 

4  6 . 6 

31.06 

3 . 2 

1 

1937 

»  7? 

16 

c*  j  r- 

■J  O  7  _■  ♦ 

4  7.2 

33.18 

3 . 0 

1  2 

1935 

17 

58  7  3  . 

48 . 6 

35.29 

2.8 

1 

1  °38 

.  20 

18 

5966  . 

49.4 

37.4  0 

2,7 

8 

1932 

,  14 

1  ? 

6054  . 

50 . 1 

39 . 52 

n  *  e; 

1 

19  4  0 

.  0  Q 

?0 

6179  . 

51  -  2 

4  5  .  63 

2 , 4 

12 

1  9  ?  '7 

7,  / 

'•>  1 

6  20  4  , 

5 1  .  -i 

4  3.75 

7  T 

10 

19  31 

-  .  0  2 

7’  •"? 

6  6  58 . 

55, 1 

•1  j  -  3  6 

•“>  7 

-> 

1-936 

- .  0  ■ 

2  3 

6  ’’IS. 

5  5  •  6 

4  7.9? 

2  .  1 

n 

1970 

-  .  12 

24 

720 1  . 

5  9  -  6 

50  ,  OR 

n  ,•> 

1934 

-  .  l  - 

C-125 
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(cont lnued  ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

4  ?  0  4 

EFFECTIVE  YEARS 
46 , 7  5 


;j  ij  m  B  E  R 

VOLUME 

RATE 

AC-FT 

CFS 

1 

9122  . 

37 . 8 

'~t 

9960  . 

41 . 2 

10251  . 

42.4 

4 

10933. 

4  5 . 3 

5 

109937- 

45.5 

6 

1  1054  . 

45 . 3 

— 

11398. 

47.2 

o 

12550. 

52.X> 

9 

14193 . 

c  r\ 

J  C*  ♦ 

1  0 

15443 . 

.f»  3  ♦  9 

1  .1 

15613 . 

64 . 7 

1  2 

16338. 

67.7 

13 

16603. 

63.3 

1  4 

1 7002. 

70 . 4 

1  5 

17304 . 

71.7 

1  6 

18955. 

•7  .~i  cr 

/  ♦  w,1 

1  7 

19353. 

80 . 1 

.18 

22940 . 

95.0 

17 

23S53 , 

98 . 8 

2  0 

25997, 

107.7 

o  2  i. 

112. 7 

... 

27926. 

115. 6 

29982 . 

124,2 

">  J 

7  i’,  7  Cl  * 

^  V  /  v  O  ♦ 

12  7.2 

E  X  C  E.  E  D  R  F.  C  U  R  fc.  N  DIN  G 
FR EG  INT  DATE 
1.47  67. 9  12  1936 


3 . 5  9 

'->  7  p 

1 

1  *  7  5 

5 . 7  1 

l  •  •  r:. 

1  1 

1  9  '•  9 

7 . 8  -l 

1  2  • 

1  2 

1  °  3  3 

9 . 96 

1 0 . 0 

1  2 

1  9  3  5 

12.08 

r%  -7 

1  2 

19  32 

14.20 

7.0 

1 .1 

19  40 

16  .-37 

6  1- 

«■ 

1934 

18.44 

5 . 4 

12 

1®31 

20 . 56 

4?  Q 

1  1 

1  9  V 

22 . 69 

4  .  4 

2 

19  38 

2  4.81 

fc?  i‘'i 

2 

1  9  7  0 

2. 6 , 9  3 

3  ♦  7 

12 

19  38 

29.05 

3  ♦  1 

'*» 

1  97} 

31-17 

"7 

1  9  3  ■' 

3  3 . 2  '5 

3 , 0 

Q 

1  C  7 

35.42 

2  *  8 

'• 

1  9  4  0 

37,54 

2  ♦  7 

1 

19  3n 

39.6  6 

C" 

1  ^ 

1 9  6  1 

41.78 

2  *  4 

4 

1  9  3  3 

43 . 90 

L.  » 

1 

1  -  -'5 

A  6  •  0  2 

■> 

* 

1  ?31 

48.14 

2.  1 

2 

1  9  4  9 

5  0 . 2  7 

")  __  i"', 

A 

»* 

1937 

1 


YEARS  1  RECORD )  MONTHS 
1  "■  0 

EFFECTIVE  YEARS 
4  6 . 58 


(  con  t  1  ntieci ; 


DURATION  IN  months 


UMBER 

VOLUME 

RATE 

EXCf 

AC -FT 

CFS 

F  P 

J 

14424. 

3  7'  *  o 

1 

2 

15390. 

4  2 . 5 

1 

"2 

16  3  0 6 . 

4  5.0 

J 

"T 

16607 . 

4  5 , 3 

-7 

CJ 

1 7651  . 

48 . 7 

9 

A 

17694 . 

,4  q  q 

1 2 

21256 . 

58 . 7 

1 4 

H 

22584 . 

^  o  r 

C‘  *1.  *  w1 

1  ,£. 

y 

23067 . 

63. 7 

18 

10 

29105  . 

80, 3 

20 

1 1. 

3031  3  * 

85 . 1 

1 

3  2  fl  0  5  . 

•?  4 

1  3 

7  7  5  5  7  . 

1  0  3 . 7 

.* 

14 

42176 . 

116. 4 

3  'v 

1  z 

44457 , 

122.7 

3  1 

16 

45966, 

1  2  6  ♦  v 

3  3 

1.7 

4  9  20°. 

135 . 8 

7  r; 

1  3 

51460, 

14  2.1 

■7  ? 

i  9 

5  4  056  . 

j  4  <?  ,  2 

7  V 

?  ♦’'» 

-  55*944  . 

. 154.-'* 

4  1 

:?  i 

6  2  207. 

171. 

A  4 

: : 

6  2  2  6  - 

1- 1  -  9 

■\ 

1 3  2  8  6  * 

1  •’  -i  .  " 

1  - 

'•  r 

i  1  O  “•  Q 

1  7 .1  . 

f. 
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UNCLASSIFIED 
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( continued ) 


YEARS  -fREGORD>- MONTHS-  -DURA-Ti-tW— i-N---tt6NTHS - 

47  0  9 

EFFECT-EVE-  -YEARS  --  -  - 

46 , 33 


NUMBER 

VOLUME 

RATE 

EXCEE-0 

RE-etlR- 

-Etrttl-NS- 

AC -FT 

CFS 

FREQ 

INT 

DATE 

1 

25869  . 

47.6 

1  .  48 

67.3 

2  1935 

o 

•7  i  n  <?  i 

43.  *1 

3v6  3 

■  2-7  .-6.  - 

— 2~t“975'7-  ■ 

3 

2  6  S  9  5  , 

4  9  ,  c:. 

5,77 

17.3 

2  1933 

4 

31699. 

53 . 3 

7.91 

12.6 

4  1939 

5 

4  0  5  6  0  ■ 

7  4.6 

1 0.-05— 

IOtO- 

-  3  li^40  - 

6 

43650. 

89.5 

12.19 

8.2 

3  1932 

"7 

48690 . 

89.6 

14,33 

7.0 

2  1936 

g 

50294 , 

92,6 

♦6. 4  7 

— 4— 19-31 - 

9 

5  6  9  6 1  . 

1  0  4  ,  f: 

18.61 

5 . 4 

2  1941 

10 

6  5  74  8. 

121.0 

20 . 75 

4.3 

4  1938 

1 1 

72437 . 

133.3 

22 . 89 ■ 

--  4t4 

-3-  1R62 

12 

7440? . 

136 . 9 

23.03 

4,0 

2  1939 

13 

86263. 

158.8 

27.17 

3.7 

3  1942 

14 

98579 , 

181.4 

29.31 

3 . 4 

3  1949 

.1.5 

1091 5  7 . 

2  0  0 . 9 

31 .45 

3.2 

4  1961 

16 

111136, 

204 . 5 

33 . 59 

3,0 

3  1970 

17 

111740. 

205.6 

35.7  3 

2.8 

-  3-195? 

IS 

128162. 

235.9 

37,87 

2,6 

3  1965 

19 

128718- 

236.9 

40,01 

2,5 

4  1959 

20 

130650. 

2  4  0 . 4 

42.15 

2.-4 

4  1968 

21 

1  3 1  4  6  6  . 

24  2.0 

44.29 

2.3 

5  1971 

1370  9  7 , 

2  J2  •  3 

46 . 4  3 

3  1964 

23 

154923. 

285 . 1 

48.57 

2. 1 

6  193  0 

2  4 

15551  1  » 

286.2 

50,71 

2.0 

3  I960 

GUrtb'fc  ! 


1 

1 

1. 

I 

1 
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YEARS  <  RECORD )  MONTHS 
47  0 

EFFECTIVE  YEARS 
46.08 


(continued ) 


DURATION  IN  MONTHS 
10 


NUMBER 

VOLUME 

RATE 

EXCEED 

RFCIJR 

FNOING 

>.  - 

AC -FT 

CFS 

FREQ 

i  ;j  t 

DA 

TE 

GLM^H.  1 

r 

1 

4  7131. 

63 . 1 

1.49 

6  7.0 

o 

1935 

’> 

53591  . 

74 . 0 

3.81 

7  7 .  1 

7 

19  33 

7  .  ’  ' 

/« 

3 

73877  . 

102.0 

5 . 80 

17.3 

3 

1937 

i  .  • 

4 

88547. 

122.2 

7 . 95 

12.6 

12 

1931 

1  <  4  ' ! 

g 

96999 . 

133.9 

10.10 

9 . 9 

-i 

193  6 

1  70 

6 

9S931  , 

136.6 

12.25 

8 . 2 

7 

19-9  0 

1.1* 

» 

"? 

115051  . 

158.8 

14.40 

6.9 

1  1 

1938 

1  . 

8 

131533. 

181.6 

16.56 

6.0 

3 

196  2 

op 

9 

153509  . 

211.9 

13.71 

5.3 

7 

1941 

7  0 

7 

10 

164134 . 

226.6 

20.86 

4.3 

12 

1930 

♦  60 

c 

11 

183514. 

253 . 3 

23.01 

4 . 3 

,6 

1  940 

.  6  0 

12 

216236. 

293.5 

25.16 

4.0 

6 

197  1 

1 r 

13 

221247. 

305 . 4 

27.32 

3.7 

5 

1  9=;o 

.  A  A 

14 

239057. 

330.0 

29.47 

3 . 4 

8 

1968 

.  7 

15 

241395. 

333 . 9 

31 .62 

3.2 

9 

1  976 

.  1 

4  *- 

16 

233969. 

350.6 

33.77 

3.0 

/ 

1955 

•* 

17 

260852.- 

360;  1 

-35.92 

2.8 

4 

1957 

.  1  8 

1  8 

286208, 

395.1 

33.07 

2.6 

Q 

197  3 

.  1 2 

19 

298535, 

412,1 

40-23 

2.5 

L 

1970 

.  0  ’ 

20 

3-02811  . 

4  IS  .  0 

42,-38 

2.4 

10 

1  9  6  A 

,01. 

«•  _ 

21 

323157, 

446 , 1 

44.53 

2 . 2 

*•> 

19.6  1 

.  0  4 

343634  . 

4  8 1 . 2 

4  6 . 6  3 

2. 1 

•7 

19  4  2 

-  ^  i\  O 

*■  7 

3 6  9  221  . 

509.6 

48 . 83 

2.0 

A 

1.94  6 

■  1  4 

7  1 

3  9 ' 4  A c' . 

5  41.  '7 

50.99 

2 . 0 

T 

1  9  7  5 

1 

C-130 


( cont  i  riuecl ) 


YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 
24 


EFFECTIVE  YEARS 
45.08 


NUMBER 


VOLUME 

RATE 

EXCEED 

-RECUR- 

AC-FT 

CF  3 

FREQ 

INT 

120344. 

83.1 

1 .53 

65 . 5 

1*7  08  76 

1 1.7. 9 

"7  ■**  7 

>7  £ 

206496 . 

142.5 

r:'  Cr  7 

16.- 

236441  . 

163. 2 

8 . 1  2 

12.3 

-29-51 -24-r- 

203-7? 

10~.  3  2 

. -9-rf- 

459273. 

317.0 

12.52 

3.0 

492423. 

339.8 

14.72 

6 . 3 

514821  . 

355*3 

16 . 92 

5.9 

EN  Ditto 
DATE 
4  1934 
— 3~ t?37 

4  1932 

5  1941 


3  1962 
3  1960 
*99 1 


G  U  M  BEL  t 


9 

566802. 

391 . 2 

19,12 

C  ■’*% 

1  1950 

.  ”6 

10 

534793. 

4  0  3 . 6 

21 . 37 

4 . 7 

2  195  7 

6  A 

11  - 

---  688695. 

4  75 . 3 

23  *  52 

. 4r3- 

3  - 1-905 - - 

•  ---.58 

12 

696483. 

4  30.7 

25 . 72 

3.9 

3  1-75 

.  50 

13 

858223 . 

592*3 

7  9  *■) 

3.6 

3  196  9 

.  4  2 

14 

913766 . 

-  6 30 -.6 

30*12 

3.7 

3  1*4? 

.  35 

15 

1058963. 

730.8 

32.31 

3.1 

2  1955 

I*- 

16 

1194742. 

324.6 

34.51 

2 .  o 

5  194  3 

-»  •"» 

17 

-  1333709.-- 

-  955.0 

36 . 71 

2. 7 

1-195-2  -■ 

.  16 

13 

1891507. 

1305,4 

38.91 

2.6 

3  1967 

.  1 0 

INDEPENDENT  EVENTS  EXHAUSTED 
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( continued ) 


YEARS  < RECORD  >  MONT  HS  DURATION  IN  MONTHS 

4  7  0  4  R 

EFFECTIVE  YEARS 
43 . 03 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

CFS 

FREQ 

IN  r 

D  A  T  E 

H  i. in  BE  L 

1 

267916  . 

a  s 

1  .  60 

6  2.7 

2  193  5 

o  ,  ‘ 

o 

144990 . 

153.6 

3 . 90 

25.7 

2  19  3’ 

•>  . 

3 

938358  . 

323.8 

6 . 20 

16-1. 

3  1  9  4  '• 

1  ,  *  * 

951701  . 

328. 4 

8 . 50 

11,8 

3  1  9  a  ;  > 

1  ,  A  r 

5 

1411260. 

48T  .  0 

10 . 80 

9 . 3 

3  1958 

1  .  2  A 

1659936 . 

572.3 

13.10 

7 . 6 

3  1  9  5 

1 . 0  R 

7 

1667483 . 

575 . 4 

15.40 

6 . 5 

8  197  3 

.  9  4 

8 

2504736 . 

864 . 3 

17.70 

5  >  7 

1.0  196  6 

9:  • 

9 

3123680. 

1077 . 9 

20 . 00 

5 . 0 

3  19  54 

,  7  -• 

INDEPENDENT  EMENTS 

i 

EXHAUSTED 

j 

YEARS  '-RECORD.'  MONTHS  D  U  f 

AT  ION  IN 

MONTHS 

47 

o 

96 

EFFECTIVE  YEARS 

39. 

03 

NUMBER 

VOLUME  . 

RATE 

EXCEED 

RECUR 

ENDING 

AC-F  T 

CF  S 

FEE  Q 

I  NY- 

date 

GUMBFL 

1 

695036  , 

119.9 

1  .  7  6 

56  .  9 

6  1938 

2 .  5 

2 

2362961  . 

407,/ 

4.29 

2  3 . 3 

3  1962 

1  .  9  0 

7 

3604833. 

6  2  2 . 0 

_  o  2 

1  4  .  "> 

.£.  JOlj  £ 

1  •  3 

4208382 . 

"?2-  v  -  1 

*5  "7  i. 

1  ,  _  V 

1  -  :-  ■■  ■ 

INDEPENDENT  EVENTS 

EXHAUSTS D 

0132 


Red  River  at  North  River  -  Year  1980  Case 


YEAR  1980  NORTH  R I VER/KR AGNES 
YEARS  'RECORD  HONTHS  DURATION  IN  M 0 TH‘- 

a  -f  0  2 


EFFECTIVE  YEARS 
4  6 . 92 


NUMBER 

1 


VOLUME 

AC -FT 
2259  . 
2707. 
2756  . 
2328 . 


RATE 

CFS 

18.7 

22.4 

22.8 

23.4 
ri.i 


EXCEED 
FRF  0 
1.47 
3.58 
5.69 
7.31 
9 . 92 


RECUR 

1  NT 

O 

2  7  '  v 

17.6 

12-3 

10.1 


ENDING 
DA  TF 

11  1  9 .!  c 

o  i  w  J  .y. 

12  1970 
8  1934 

10  19  46 


GUM BEL  K 

O  O  <» 

*2  »  C*  •*+ 

2  >  1  3 
1  .  76 
1.51 
1.-31 


2862. 

2^,7 

12.04 

O  7 
■_)  ♦ 

1  939 

1.15 

7 

3044  . 

n  cj  ^  r> 

14.15 

7 . 1 

1 1 

1934 

1 . 02 

8 

3104, 

25.7 

16 . 26 

6. 1 

9 

1.930 

.90 

Q 

3276  . 

27.1 

18.38 

5. 4 

10 

1933 

.  79 

i  o 

3371  . 

27 . 9 

20.49 

4 , 9 

o 

19  32 

.  70 

1 1 

3  708. 

30 . 7 

22.61 

4  ,  4 

9 

1  9  7  6 

.61 

1.  7 

3  7  5  9  . 

31.1 

24 . 72 

4 . 0 

10 

1  9  3  2 

•  53 

13 

3820 . 

31.6 

26.83 

T  7 

10 

1935 

.  46 

14 

4056. 

33,6 

28 . 95 

3 , 5 

1 

-1935  - 

.39 

15 

4056. 

33.6 

31.06 

3.2 

1 

1933 

.32 

16 

4131  . 

34.2 

33.18 

3 . 0 

1 1 

1  939 

<  26 

17 

..  4238--- - 

--  35-.  1 

35-.  29 

--2.8 

1- 

-i-93-7 — - 

-  .  25— 

1 3 

4  265. 

35.3 

37.40 

n  "» 

1  2 

1935 

.  14 

19 

4479  . 

37.1 

39.52 

-%  c- 

1 

19  3g 

.  09 

20  - 

. -  +&  1-3-*—  • 

-38v2- 

-4-1— 63  - 

—  2.5- 

-  ■  -9- 

-1-9-51 - 

—  r03— 

71 

4660  . 

38.6 

4  3 . 75 

2 . 3 

1 

1940 

-.02 

2  2 

4743. 

39.3 

45.36 

*-»  O 

*_  * 

12 

1933 

-  .  07 

■-} 

4981  ■ 

40 . 4- 

4  7 , 9  -7 

2 . 1 

q 

-  i-Qj^ . - 

--1-2  - 

7  4 

5146. 

4  2.6 

50.0'5 

'1 

i  ’■*’  -3  6 

-  .  I  7 

C-133 
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( continued ) 


YEARS  ' RECORD >  MONTHS  DURATION  IN  MONTHS 

,i  7  0  4 


EFFECTIVE  YEARS 
4  6 . 75 


p 

NUMBER 

volume 

RATE 

EXCEED 

RECUR 

FNl'INO 

1, 
i  - 

ac-ft 

CFS 

FREQ 

INI 

DA 

T  K 

1 

5967 . 

24 . 7 

1  .  4  7 

6  7 . 9 

1  1 

1  93  6 

r  . 

n 

6467  . 

26.8 

3.59 

27.8 

1  0 

1^34 

» \ 

3 

6993. 

29.0 

5-71 

17,5 

1  1 

i  °  3 

L. 

4 

7131  . 

29 . 5 

7.84 

1  2 . 8 

I  0 

1  9  7  2 

KJ 

7899  . 

32 . 7 

9 . 96 

10.0 

1  1 

i 

7902 . 

32.7 

12.03 

3 . 7 

1  ""  -J 

7 

8085. 

33.5 

14.20 

7.0 

l  J. 

1^35 

8 

8140. 

33.7 

16.32 

6. 1 

2  1 

1  v  4  0 

p 

8627  . 

35.7 

18.44 

5 . 4 

2 

1933 

r 

10 

10978. 

43.5 

20.56 

4.9 

1. 1 

1931 

1 1 

12185. 

50 . 5 

22 . 69 

4  ,  A 

1  2 

1  o  ~l  () 

1. 2 

12672. 

32  •  5 

24,81 

4 . 0 

1  3  o 

1  3 

13396 . 

55 . 5 

26.93 

3  .  7 

•- 

1  9  ”  0 

v.« 

1  4 

13700. 

56.7 

29.05 

3.  4 

1  2 

1  9  3  8 

15 

14060  . 

58.2 

31.17 

3.2 

'*} 

1  9  7 1 

m 

16 

14215. 

38.9 

33.29 

3.0 

4 

1  9  3  4 

P 

17 

14729. 

61.0 

35.42 

2 . 8 

•7 

1.977 

IS 

16479 . 

68 . 2 

37.5  4 

2 . 7 

T 

2  9  4  o 

i'“  * 

19 

20081  . 

83.2 

39.66 

O  c 

1 

L 

.19  30 

2  0 

20945 ♦ 

86.7 

41.78 

2  .  A 

12 

1  *  6  1 

21 

24367 . 

100.9 

43.90 

n  t  3 

1 

1975 

2  7 

25052. 

103.7 

46.02 

4 2  * 

3 

1931 

ft 

23 

26139. 

108.2 

48.14 

2 . 1 

3 

1932 

2  4 

27040 . 

112.0 

50 . 27 

2 , 0 

2 

] 

GUMFEL  K 

2  •  1  7 
1  .  -V. 


1 

1 


.  20 
.  I 
,  rig 

.  0  3 

-  ,07 

-  .  0 '' 
-  •  1  7 


i  c 
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( continued ) 


f*- 


YEARS  (RECORD)  MONTHS  -  DURATION  IN  MONTHS 
47  0  6 


EFFECTIVE 

YEARS 

- 

4  6  -  5 

8 

NUMBER 

VOLUME 

RATE 

EXCEED 

RFCUR 

ENDING 

AC -FT 

CFS 

FREO 

I  NT 

DA 

TE 

GUMBEL  K 

1 

8921  , 

24.6 

1  .  48 

6  7.7 

1  2 

19  36 

n  ,  p;  7 

9 

?  p.  3 7 . 

27.3 

3.61 

2  7 .  7 

i :? 

1^34 

2.17 

11517, 

3 1  .  8 

5.73 

17,4 

i  ? 

i  v  3  2 

1  .  7  6 

4 

11653 . 

32.2 

7.86 

12.7 

i 

1  7  4  A 

1 . 50 

r 

J 

12905. 

35.6 

• — 9 . 99 

10.0 

12 

1933 

1.31 

6 

13231  . 

36.5 

12. 12 

8.2 

<“) 

1  936 

1.15 

"7 

16604  . 

45 . 8 

14.25 

7.0 

1 

1941 

1.01 

*  *■ 

O 

1 7856 , 

49 . 3 

16.38 

6.  1 

i  2 

1  «3! 

.  8<» 

n 

•r 

18415. 

50 . 8 

18.51 

5 . 4 

i 

1  "31 

.  79 

1.  0 

24452 . 

-j  it 

/  ♦  •  J 

20.64 

4 . 3 

1 

1  9  7  7 

.t.  o 

£ 

1 1 

26393. 

72  ♦  9 

22.7  7 

4 . 4 

o 

1  Q  7  r\ 

.61 

1.2 

27490. 

75 . 9 

24.90 

4 . 0 

•V 

1  '7  3  4 

.  53 

13 

28385 . 

78 . 4 

27.02 

3 , 7 

19  38 

.  4  5 

14 

32904. 

90-8 

29.15 

3 .  4 

1 

1.9*2 

.  38 

■  * 

15 

38236 . 

105.6 

31  .  28 

"2  **> 

6 

19  32 

•  31 

16 

40037. 

110.3 

33.41 

7  .  <• 

1971 

.  25 

m* 

1 7 

41546  . 

114.7 

35 ,54 

2  ♦ 

> 

1  9  5  7 

.  5  9 

18 

44556 . 

123,0 

37.6  7 

2  *  / 

1 

1  9  4  3 

,  13 

1  ’ 

47040 . 

129.9 

39.8  0 

7  cr 

2 

1  '?  4  '4 

. 1 1 8 

< 

-\ 

4?  1  6  4  . 

135.7 

41 . 93 

*7  , 

A 

1  7  3  3 

-  07 

> 

21 

4  O  i, /.  t 

137 . 0 

4  4 . 06 

y 

1  9  5  0 

-  .03 

*■“  y  ~7  q  "? 

|  ir  q  ^  ir 

4  6,1 

1  96  1 

-  •  08 

P 

23 

57847 . 

159.7 

48,31 

■>  4 

w  4  X 

■> 

19  68 

-.13 

24 

539 4 ^ . 

162.7 

50.4  1 

2,0 

T 

1  975 

-.17 

V 
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(continued  ) 


YEARS  < RECORD  > 
A  7 


MONTHS 

r. 


DURATION  IN  MONTHS 

9 


EFFECTIVE  YEARS 
46 . 33 


NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC -FT 

CFS 

FREQ 

I  NT 

DATE 

1 

1  " 3  '?■ . 

7  3  .  o 

1  .  48 

67.3 

1 9  3  5 

18353 . 

33 . 8 

3.6  3 

27.6 

1937 

3 

18957. 

34.9 

5 . 77 

17.3 

2 

1 9  3 

/i 

2426 9 . 

4  4 . 7 

7.91 

1  2 . 6 

<-■> 

19  34 

r 

32  8  7  a  , 

60 . 5 

10 . 05 

10.0 

"J 

1  9  4m 

6 

1 0  7  5  1  . 

'“J 

12.1® 

8 . 2 

n 

1  9  3  A 

’*? 

4  096  4  , 

75 . 4 

14.33 

7.0 

3 

1  9  3  2 

8 

4  3  2  5  7  . 

79*4 

16.47 

6 . 1 

4 

1  9  3.1 

49022 . 

90 . 2 

18.61 

5 . 4 

7 

1941 

10 

C“  .“I  "7  ><  •“} 

-J  /  0.  ♦ 

108.  1 

20 . 75 

4  .  .9 

4 

1  9  38 

.1 1 

6  <* 7  5  1  . 

119.2 

7^.89 

4 . 4 

7 

1  °  £•  2 

12 

..  ti(  *7  A 

122. 3 

25.03 

4  -  0 

1  9  3  -5 

1  3 

"7  c;  -•  *7 

14  4. 6 

7. 7 . 1  7 

7  t  7 

194  2 

14 

90893 ♦ 

1 6  7 . 3 

29.31 

3  y  4 

3 

1949 

1  5 

102120 . 

187.9 

31.45 

3.2 

4 

1961 

16 

103450 . 

190.4 

33.59 

3.0 

3 

1970 

1  7 

1 04054  . 

191.5 

35. 73 

2.8 

3 

1957 

IS 

1  2  0  4  7  6  . 

221 . 7 

37 . 8  7 

7  ,  A 

3 

1965 

19 

121681  . 

2  2  3 . 0 

40.01 

2 , 5 

4 

1959 

20 

123613  . 

22  7,5 

4  2.15 

2. 4 

4 

196  8 

21 

124022. 

228.3 

44.29 

2 , 3 

5 

1971 

12941  1  . 

238 . 2 

4  6.43 

n  •-> 

•i  <  #.L 

;? 

1964 

i  a  7  o  5 1  . 

t  7  r,  i 

48 . 57 

2.  1 

7 

1  °7  0 

2  4 

■*  _  .4 

1  •'  '!•  ^  *4  * 

•’  ..2  «  .< 

5  0  •  7 1 

2 . 0 

7 

-! 

1  9  ,A  0 

ij  i.i  i'i  f; 


1 

1 

1 

1 
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( cunt lnued  ) 


’EARS  <  RECORD)  -MONTHS  DURATION  IN 

4?  0  1  ? 

u-t  (■  f.- r  t  i u E  YEARS 
^  A  t  ( )  0 


U  rlBER 

VOLUME 

RATE 

EXCEED 

pfcCLU* 

E  N  H  I  f;  A 

AC-FT 

CF  S 

FREQ 

IN  r 

TlAJ  E 

GUM PEL 

1 

3616?  . 

49 . 9 

1.4V 

t  7  ♦  0 

2  1  v  3  5 

2 . 8 

? 

4262? . 

58.8 

7X4 

“?  f  A 

,  .oil 

2 . 1 

62914  . 

8  6 . 8 

*•-; ,  ft  f> 

\  "  .  *•' 

1  V  3  7 

1  .  V 

,i 

7  7  5  S  5  . 

107. 1 

-  ,  9  •" 

i «  6 

12  1-31 

1  •  4 

5 

8603 7 v 

-  -1-1 8  .-  8 

10 .10 

Q  4  v 

3  1936 

1  V 

87969. 

121.4 

12.25 

p  ^  •-> 

7  1940 

1 . 1 

“!* 

104088. 

143.7 

14.40 

'  r* 

*-•  ♦  ■ 

11  1933 

1  . ' 

O 

120570. 

166. 4 

16.56 

6  -  0 

3  1*62 

,  p 

r\ 

142546. 

196 . 8 

18.71 

cr  7 

■’  1941 

1  A 

153172 . 

211,4 

2  0 . 3  6 

4  .  ft 

1  2  1  v  3  o 

.  .; 

1 1 

172551  . 

238 . 2 

22.01 

4  .  5 

6  1*49 

. 

1.  1: 

205274  . 

283.3 

25,16 

4 , 0 

6  ]973 

13 

210285. 

290.3 

27.32 

7  #  7 

S  i  v 

.  4 

♦  4 

228095 , 

-  314.-8 

29.-4  7 

3  .  <* 

p  4  p.i.  P 

.  y 

\  5 

230932 . 

318.8 

31.62 

7 , 7 

9  1076 

,  7 

.1  * 

2^3007, 

335 . 4 

33 . 77 

3 . 0 

’  1  v  ir( 1- 

. : 

! 

249889t 

■  344 v9  - 

35 .92- 

2  -  8 

A  <N5-J 

.  1 

i  y 

275246. 

379 , 9 

33 . 07 

“>  _ 

9  19  73 

■  1 

i 

29  7-422  * 

39  7.0 

40 . 23 

-*>  c 

6  1  9  7 

■>  {"■, 

291849 . 

402.8 

'  42.38 

V  4 

i  o  i  o ...  j 

.  .*i 

'  1. 

312194  . 

4  3  0 . 9 

4  4 , 53 

_  19.;.  1 

- . 

7  i,  7  a  7  2  , 

466. 1 

46 , 68 

r  *  i 

7  1  V  4  7 

';>  7 

358259 . 

494.5 

4  8.33 

2  •  0 

f  1  9  4  A 

t 

♦  A 

;?  -i 

381502. 

526.6 

50 , 9v 

r, 

7  JO’/S 

-  .  1 

C-138 


( cent  lnne:1  ) 


.'PARS  '  RECORD  >  MONTHS  DURATION  H-'  MOmth? 

%  7  •">  <j 


EFFECTIVE  YEARS 
“1 5 . 0  3 


»y|  1  •  h  B  E  R 

VOLUME 

RATE 

F  y  r*  F  F  i  : 

0  c  I  I  O 

Espino 

AC-FT 

CFS 

F  R  E  r 

ri  a 

r  i- 

GUM PEL 

*  1 

3831 3 . 

6  7.9 

1.53 

4 

l  9  1 

^5 

,  81 

2 

143951  • 

102.8 

1  _ 

! 

1  9  ?  '•* 

«  1  0 

~z 

1S4571  . 

127 . 4 

c  0 

1  f  •  9 

A 

1  9  3  2 

1 

*  I7  2 

/-T 

2 1 4  516. 

148.0 

8 . 1 2 

i  ;; 

f 

1  9  4  1 

1 

♦  A 

r 

...* 

27319°  . 

188.5 

10.3  2 

.  .. . 

1  Q  3  Q 

1 

>■,  r. 

•  C'» 

6 

437353 . 

301 . 8 

12.5  2 

I  9*2 

7 

i 

,  1 

7 

470498. 

324.7 

14,72 

•: .  8 

1  9  60 

9  9 

3 

492896 . 

340.2 

1  .7 . 9  2 

r> 

•f. 

1  9  7 1 

.9,'. 

<? 

544377. 

376 . 0 

13.12 

r.:  '*•. 

1 

1  9  5  0 

.  7  6 

.!.  0 

562363. 

333 . 5 

21.3  2 

1  9  5  7 

.  6  6 

!  ? 

666770. 

460.2 

2  3.52 

\  * 

7 

’  9  S 

.  58 

674553 . 

4  6  5-5 

"1  r 

? 

-7  r 

.  50 

13 

936298. 

cr  y  y  7 

**'7  c;*  "> 

-  .  ■: 

j. 

!.  9  6 

.  42 

1  4 

891841 . 

615. 5 

30. 1  7 

7  7 

.3 

1  9  4  • 

.  3  5 

15 

1037038. 

715.7 

32 . 31 

3  .  I 

1  9  r'  ri 

.28 

1  A 

1172317. 

309.4 

3  4.51 

r\ 

IT 

’947 

.  22 

!, 

1361784  . 

939 . 8 

36-71 

1 

IO57 

.  1  6 

13  1363582. 

INDEPENDENT  EVENTS 

1290.3 

EXHAUSTED 

33  •  91. 

-  •  'r 

1  9  A  ■’ 

.  1  0 

C-139 
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S* 

6 


i 


0 
•j 
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" 


I 


I 

i 


F  A  R  S  ■'  F:  ECORD)  MONTHS  D  U  R  A I  l  0  N  IN  h  n  N  t  h 

4  7  0  4  H 

FFTECT  I VE  YEARS 
4.5,08 


H.ltf  BF:‘R 

VOLUME 

rate: 

excel  n 

R  ECU  f- 

ENDING 

AC-FT 

CFS 

FREQ 

r .  j  t 

r  •  h  T  y 

G  UMBEL 

•j 

224066. 

77,7, 

1  ,  ■  0 

<■  “J 

2  1  °  1 2' 

o  _  7  -i 

... 

401140. 

1  73.  A 

3  .  ••••.• 

•'  1  'V  7  V 

?  ■  0  - 

894508. 

3  0  8 . 7 

6  . 

1  *•  -  i 

*j  4  .i  7 

1  . 

4 

90735  1  , 

3 13.3 

8  •  50 

*  1  ■  H 

i  *  jt 

1  .  4  4 

1367410. 

4  7  1. 9 

10. 80 

7  1958 

1 .24 

6 

1616086 . 

cr  cr  *7  y 

13.10 

■  .  > 

1 5  0 

l  .  0« 

■7 

1623633. 

560 . 7 

15.4  0 

J  c. 

8  1  9  7  7 

.  9  4 

.* 

2460386 . 

349,2 

'7  ?  ,  > 

. 

1"  1  *66 

r\ 

*.  0  ^ 

n 

3079830 . 

1062,8 

c 

i  1  v  5  1 

,  / 

I H  0 EFENDEHT  EVENTS  E X HAUSTE  0 

y  E  A  P  S  '  R  E  C  0  R  D  )  M  0  N  T  H  S  0 IJ  R  A  T 1 0  N  I  *  «  C  c  I  M  S 

,j-?  —  o  ■  <*/-. 

EFFECTIVE  YEARS 


39 . 08  . 

NUMBER  VOLUME 

RATE 

EX  CEE  5 

9  ECUE 

ENDING 

-AC-FT- 

-  -  CP 3 

c  9  p  r. 

f  m  r 

DATE  ■ 

-  3UMBE1.  K 

1  8  0 7  335. 

10  4,8 

1  .  " . 

5  :  .  •- 

M  j.  9  3 

/  r\ 
i-  .  g7 

2  2275260. 

7  9  2  .  A 

4  .  ■- 

•  z 

;  "  9  ...  2 

J  *  VV 

7  3517133, 

606 . 8 

r.  .  ^  ' 

\  1  .  ' 

*  T  *V  <t  i 

4 

4  120632, 

'•1  j  ,  >■'•> 

v  . 

.  •• 

J  ♦  .* 

UERENDENT  EVENTS 

EXHAUSTED 

f ' 


C-140 
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<■’  *■*  ^  *"-  »'■  <-»■-  »*-  <•-  v- 


Buffalo  River  at  Dilworth  -  Year  1980  Case 


YEAR  1980  BUFFALO  RIVER  AT  DILWORTH 
YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 


EFFECTIVE  YEARS 
46.92 


Q  ♦  7 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

A  C  -  F  T 

C-F8 

FREQ 

INT 

DATE 

GUM PEL  K 

l 

60  . 

c* 

1.47 

68.2 

9  19  36 

2.81 

121  . 

1  .  0 

3.38 

27.9 

2  19  4  0 

2.13 

■/ 

241  . 

2 , 0 

5.69 

17.6 

2  1936 

1 .76 

4 

241  . 

2.0 

7.31 

12.3 

9  1939 

1 . 51 

c- 

j 

24  1  . 

2.0 

9.92 

10.1 

2  1942 

1.31 

6 

202 . 

9 . 5 

12.04 

8.3 

8  1934 

1 .15 

307, 

2 . 5 

14.15 

7. 1 

9  1976 

1.02 

8 

4  8  3  • 

4  «  0 

16.26 

6.1 

3  193  7 

.  90 

V 

543  • 

4 . 5 

18.38 

5.4 

9  1932 

.  79 

10 

5  4  3 . 

4 . 5 

20.49 

4.9 

2  1933 

.  70 

t 

5  4  3. 

4 . 5 

22.61 

4.4 

1  1938 

.  61 

12 

6  0  4  - 

5. 0 

24 . 72 

4 . 0 

2  1939 

.  53 

1  ~r 

■?2  4  , 

6 , 0 

-■  i  O  ■? 
it  ■  C'J 

3.7 

1  1  ?37 

.46 

1  4 

84  5. 

7 ,  o 

23.95 

3.5 

9  1933 

-»  O 
*  W<  7 

15 

906  . 

7 . 5 

31.06 

3.~2 

9~  1-930 

.  32 

16 

906  . 

7 . 5 

33.18 

3.0 

9  1933 

.24 

17 

906  , 

7.5 

35.29 

2.8 

11  1936 

.  20 

18 

906  • 

7.3 

37.40 

2.7 

10  1940 

.  14 

19 

9  6  6  . 

S.O 

39 . 52 

2 . 5 

12  1932 

.09 

70 

966  . 

8 , 0 

41.6  3 

2.  4 

12  1935 

.  03 

l 

'  > 

9  6  o  . 

B  -  0 

43 . 75 

2 . 3 

11  1939 

-.02- 

9  6  6  . 

8.0 

45.86 

2.2 

2  1950 

-.07 

)  zt 

9  6  6. 

O  ♦  0 

4  7.97 

2. 1 

2  1963 

-  .  12 

7  4 

1026  - 

9 . 5 

50.09 

2.0 

8  1940 

-.17 

C-141 
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(continued ) 


YEARS  <  RECORD )  MONTHS 

DURATION  IN 

MONTHS 

47 

0 

3 

- - -  - 

EFFECTIVE 

YEARS 

46  ,  8 

. .  . 

- - 

- - 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC- FT 

CFS 

FF'-EG - 

— I N-F - 

-DA-TE - 

GUHBEL 

1 

101. 

1 . 0 

1 . 47 

68.1 

9  1936 

2 . 83- 

2 

241  . 

1.3 

*  3  9 

27.9 

3  1940 

2 .  1  3 

3 

-  543. 

3.0 

— Srr-70-  - 

-4-7r-&— 

1-0-1-739-  — 

♦  7  6 

4 

604  . 

3.3 

7.32 

12.8 

2  1936 

1 . 5 1 

5 

66  1. 

T  -f 

♦  f 

9 .94 

10.1 

9  1934 

1.31 

A 

845* 

4-.  7 

- 1  -2~»-06 — 

— 0-r7 — 

-3-1937  -  — 

-  -  -  1  .  1  5 

7 

845  . 

4.7 

14.18 

7.1 

2  1938 

1.0  — 

g 

906 . 

5.0 

16.29 

6.1 

2  1933 

.  90 

9 

906  . 

5.0 

18 .41 - 

■  -5-v4- 

~2-  1-9  4-?  - 

.  70 

10 

9  0  6  • 

5 . 0 

20.53 

4.9 

9  1  976 

*  7  0 

1 1 

r\  /  ' 
y  O  O  * 

er 

22.65 

4.4 

9  1932 

.  61 

1  2 

1087. 

6 . 0 

24.76 

4.0 

2  -1939 

.  5  3 

1.3 

1268 . 

7.0 

26.88 

3.7 

12  1936 

.  46 

.1.4 

1328. 

7 . 3 

29.00 

3.  1 

10  1938 

.39 

1  5 

1389. 

7.7- 

3  t-s-Hi  — 

— 3t2 — 

-9  -i-940-  -- 

-  •:  3  2 

16 

1449. 

8.0 

33.23 

3.0 

9  1933 

.  26 

1.  7 

1751. 

9 . 7 

35.35 

2.8 

2  1941 

»  20 

18 

1811. 

1 0 . 0 

37. 4-7  - 

-2~7 

-2  1930-  - 

.  1  4 

1.9 

1311. 

1 0 . 0 

39.59 

2.5 

9  19  30 

,08 

'?  > 

1811. 

.1  0 . 0 

41.71 

2.4 

2  197  3 

,  0  ■ 

')  1 

1811. 

J.  0  ♦  0 

4  3 . 32 

2.3 

1  1935 

-  .  0  2 

'*•  ’*) 

1  932  . 

1  0 . 7 

4  3.94 

2.2 

10  1931 

-  .  v  7 

'7  v 

3  113. 

1.  1.  .  7 

4  8.06 

2. 1 

2  1944 

_  « 

•  i 

?  4 

2 113. 

11.7 

50.18 

2.0 

2  1949 

-  .  17 

17 


(continued) 


YEARS  (RECORD)  MONTHS 
47  0 


DURATION  IN  MONTHS 
4 


EFFECTIVE 
46 . 75 

YEARS 

NUMDER 

VOLUME 

AC-^T 

1 

54  3  • 

•Hi 

724  - 

3 

1026  . 

4 

1207. 

C." 

1207. 

6 

1509. 

*7 

1509  . 

8 

1570. 

9 

1751  . 

to 

1751  . 

11 

1932  . 

12 

2355. 

13 

2355 . 

1.4 

2355. 

15 

2355. 

16 

2596, 

17 

2596. 

IS 

2656. 

9 

2717. 

2  0 

2958. 

t  • 

3079. 

72 

3200. 

3260. 

2  4 

3441  . 

RATE 

EXCEED 

RECUR 

CES 

FREQ 

INT 

2 . 3 

1  .47 

67.9 

3 . 0 

3.39 

27.8 

4 . 3 

5.71 

17.5 

5 . 0 

7.84 

12.8 

5.0 

9 . 96 

10.0 

6 . 3 

12.08 

3.3 

6 . 3 

14.20 

7.0 

6 . 5 

16.32 

6.1 

7.3 

18.44 

5.4 

7.3 

20.56 

4.9 

8.0 

22.69 

4.4 

9.9 

24.81 

4 . 0 

9 . 8 

26.93 

3.7 

9 .  S 

29.05 

3.4 

9.8 

31.17 

3.2 

10.8 

33.29 

3.0 

10. S 

35.42 

2.8 

11.0 

37.54 

2.7 

11.3 

39.66 

2.5 

12-3 

41.78 

2.4 

12.8 

4  3.90 

2.3 

13.3 

46.02 

2.2 

13.5 

48.14 

2.1 

14.3 

50.27 

2.0 

ENDING 

DATE  0 UMBEL  f' 


10 

1936 

9 

O 

3 

194  0 

•-■} 

.  i 

10 

1939 

1 

7  i 

9 

193  6 

1 

c  ■ 

* 

9 

w1 

1937 

l 

7  * 

9 

1  933 

1 

.  1  5 

2 

1938 

t 

♦  1  1  ‘ 

9 

1934 

•  ■:  '';i 

10 

1932 

2 

1939 

,  70 

10 

1940 

.  4  1 

10 

1933 

tr 

♦  • 

10 

1938 

.  4 

9 

1942 

•  3  9 

9 

1976 

.  3  2 

9 

1930 

.  2  5 

1 1 

1930 

♦  20 

9 

1941 

.  1  4 

•-> 

1  9  7.  ri 

.  0  8 

10 

1  931 

,  03 

3 

1962 

- 

«  02 

9 

1949 

- 

.  0  7 

2 

1^32 

.  12 

10 

1937 

•- 

.17 

C-143 


(continued ) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  6 


EFFECTIVE 

46.58 

NUMBER 

YEARS 

VOLUME 

RATE 

EXCEED 

RFC  UR 

ENDING 

AC-FT 

CFS 

FREQ 

IMT 

DATE 

GUMBEL  K 

1 

1449. 

4 . 0 

1  .  48 

67.7 

12  1936 

2.83 

<■> 

1690. 

4  .  *' 

3.61 

27.7 

2  1940 

2.13 

3 

2596 . 

“? 

5.77 

17.4 

1  1933 

1 . 76 

4 

2656. 

y  t  "* 

7 . 86 

12,7 

2  1939 

1.50 

r 

j 

0  7"!*; 

/  '  /  • 

*  7 

Q  Q  r. 

10.0 

2  1936 

1.31 

6 

3079. 

8.5 

12.12 

-  8.2 

12-19-34 - 

1.15 

7 

3079  . 

8.5- 

14 . 25 

7.0 

2  1938 

1.01 

3 

3441  . 

9.5 

16.38 

6.1 

12  1940 

.  89 

9 

3683. 

10.2 

18.51  - 

5. 4 

1-1931 

.  79 

1  0 

4347. 

1 2  -  O' 

20.64 

4.8 

12  19  3  3 

.  6  9- 

1. 1. 

4407  , 

i  o  .  2 

32.77 

4 . 4 

2  1932 

.61 

12 

4  951  . 

1  3 . 7 

24  .-90 

4vO 

-  2— 1949- 

.53- 

.1  3 

5071  . 

1  4 . 0 

27.02 

3.7 

2  1942 

.45 

14 

5675  . 

15.7 

29.15 

3.4 

2  1951 

.38 

15 

-5796. 

16.0 

31  r28 

-3-.-S- 

-  2-  -196-8 - 

.31- 

16 

5917. 

1  6 . 3 

33.41 

3.0 

1  1962 

.25 

17 

6339. 

17.5 

35 . 5  4 

2.8 

1  1971 

.19- 

.1.8 

6581  . 

1  8 . 7 

37.6? 

2 .  ? 

-  2- 19-50- - - 

.1-3- 

19 

7003  • 

1  9 . 3 

7  9,30 

2 . 5 

4  194  4 

.  03 

20 

7184. 

1  9 . 8 

4  1  .  93 

2.  1 

2  19  57 

.03 

2.1. 

7788. 

21.5 

■l  4 . 0  6 

2 . 3 

2  1948 

-  .  03 

7  7 

7  969. 

•->  •“> 

46 . 1  9 

n  n 

to  < 

3  19  30 

-.08 

23 

79  6?  , 

•  !>  t  y  \ 

48 . 31 

2.1 

3  1  9  5  5 

-  .  13 

24 

8090  . 

“>  9  4  2 

50.44 

2.0 

-  3  1965 

-.  17 

> 
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( continued ) 


YEARS  (RECORD)  MONTHS 

4  7  -  0 


EFFECTIVE 

46.33 

YEARS 

NUMBER 

VOLUME 

AC-FT 

1 

2294 . 

<*■> 

*■.'. 

2415. 

3 

5192-. 

4 

5434  . 

5 

5675, 

6 

700  3. 

•7 

7366. 

3 

7738. 

9 

7788. 

to 

7969, 

.1.1 

8633. 

12 

8754. 

13 

9237  . 

14 

9599. 

10988 . 

16 

13324. 

17 

13584. 

1  9 

15335. 

1.7 

15637 . 

20 

16120. 

?  1 

17639 . 

'~r 

1 7370. 

'•  ;t 

18233. 

9  4 

1 9199. 

DURATION  IN  MONTHS 

9  -  — 


RATE 

EXCEED 

RECUR 

Ct-'S 

FREQ 

I  NT 

4 . 2 

1  .  48 

67.3 

4 . 4 

3.63 

27.6 

9.6 

5.7  7 

J  7 » 3 

10.0 

7.91 

12.6 

10.4 

10.05 

10.0 

12.9 

12-19 

8.2 

13.6 

14.33 

7,0 

1,4.3 

16.47 

6.1 

14.3 

13.61 

5.4 

1-1.7 

20 . 75 

4.8 

15.9 

22.89 

4 . 4 

16.1 

25.03 

4.0 

1  7 . 0 

27.17 

3.7 

17.7 

29.31 

3.  1 

20 . 2 

31.45 

3.2 

24.9 

33.59 

’3.0 

25.0 

35 . 73 

2.8 

23.2 

37.87 

2.6 

2  8 . 8 

40.01 

2.5 

2  9 . 7 

42.15 

2.4 

32.6 

44 . 29 

2.3 

32.9 

46.43 

n  n 

<L.  •  *L. 

33.6 

4S.57 

2.1 

35  <  3 

50.71 

2.0 

ENDING 

PATE  GUMBEL  K 


3 

1937 

2.83 

3 

1940 

2.12 

1933 

1 . 75 

2 

1935 

1 ,50 

2 

1941 

1.30 

1931 

1  .  14 

*7 

1934 

1.01 

*L- 

1932 

O  Q 

•  *-? 

2 

1938 

♦  7  8- 

3 

1942 

.  6  9 

3 

1962 

.60 

T 

1936 

.  52- 

rs 

1939 

.  45 

3 

1949 

.38 

3 

1951 

.31 

3 

1955 

.25 

3 

1965 

.  1? 

3 

1971 

.13 

3 

1948 

.0  7- 

2 

1957 

.07 

3 

1968 

-.03 

4 

1944 

-.08 

n 

1950 

-.13 

3 

'1969 

-.18 

C-145 


(continued) 


YEARS  (RECORD)  MONTHS  DURATION  IN  MONTHS 

47  0  12 

EFFECTIVE  YEARS 
46.09 


NUMBER 

VOLUME 

RATE 

EXCEED 

RFC  U  R 

ENDING 

AC-FT 

CFS 

FREQ 

I  NT 

DATE 

G UMBEL  K 

1 

14731 . 

20.3 

1  .  4? 

67,0 

3  1932 

2 . 82' 

*y 

17569, 

24,3 

3.64 

27.4 

4  1937 

2,12 

3 

17®31 , 

24.8 

5 . 80 

17.3 

1  1935 

1 . 75 

4 

19319 . 

26.7 

7 . 95 

12.6 

4  1940 

1  ,  4? 

5 

19802. 

*>  7  -r 

10.10 

3 .9 

4  1942 

1  .  30 

6 

20225. 

27.9 

12.25 

8.2 

9  1930 

1.14 

7 

20949, 

28 . 9 

14.40 

6.9 

4  1933 

1 . 00- 

8 

20949. 

28.9 

16.56 

6 . 0 

3  1936 

.  80  - 

o 

23606. 

32.6 

18.71 

5.3 

4  193e 

.  79 

1.0 

31334 . 

4  3.3 

20 . 86 

4.8 

6  1949 

•  6  0 

1  1 

31877. 

4  4.0 

23.01 

4 . 3 

3  1973 

.  6 

12 

34473 , 

4  7.6 

25.16 

4.0 

4  1941 

.  52 

13 

36526. 

50.4 

27.32 

3.7 

3  1962 

.  44' 

14 

39363, 

54.3 

29.47 

3.  4 

6  1971 

.  37' 

15 

4-171-8. 

57.6 

31.-62 

3-rO 

-7-19*8 - 

.  ?*- 

16 

47151 . 

65.1 

33.77 

3.0 

6  1955 

.  24 

1 7 

48359 . 

66.8 

7  C."  Qrj 

2.8 

9  1976 

.  18- 

1.8 

53490. 

73 . 8 

38-.  07 

--  2.-6  - 

A-  1-93-9 . ~- 

.  1  7- 

1  V 

S  7  0  c>  9  , 

78.8 

40.23 

2.5 

5  1957 

20 

62124. 

85.8 

4  2.38 

2  .  4 

4  1970 

.  0 .1 

21 

62546. 

86 . 3 

4  4.53 

6  1 9  a 

-  .  0  4 

'■> 

62667. 

86 . 5 

4  6 . 68 

2.  1 

6  194  8 

- , .  0 

;?  v 

65625. 

?  r, ,  £ 

4  8 . 8  3 

2 . 0 

6  .194  6 

-.14 

24 

75949 , 

104.8 

50  •  96 

2.0 

3  1964 

-.19 

0146 


(continued ) 


YEARS  ( RECORD )  MONTHS  DURATION  IN  MONTHS 

4  7  0 .  24 


n-  ECTIVE 

YEARS 

45 , 0 

8 

NUMBER 

VOLUME 

RATE 

EXCEED 

RECUR 

ENDING 

AC-FT 

■CKS 

FREQ 

INT 

DATE 

G UMBEL  t 

1 

34896. 

24 . 1 

1.53 

65.5 

2  1 9  3  3 

2.81 
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South  Branch  Buffalo  River  at  Sabin  -  Year  1980 

Same  results  as  In  year  2030  case.  See  table  In 
of  Year  2030  Partial  Duration  Analyses.) 


